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5.4 INDICATOR SHEMICALS-CONTAMINANTS IN SURFACE WATER

This section summarizes the surface water data ferthe-L\WGrounds-of-collected during
the RI investigation. These data include those collected between November 2004 and
March 2007.- The surface water study was designed to characterize surface water
chemiealcontaminant concentrations and flow conditions of the river during three
different flow regimes: -low river flow (low -flow; <50,000 cfs), high river flow (high -
flow; >50,000 cfs), and storm water-influenced flow (sampling during active runoff in
the Study Area). The threshold discharge rate of 50,000 cfs was selected because it is
the river discharge at which significant transport of streambed sediment begins

(Willamette Basin Task Force 1969). The geographic locations of all Reund-2A-and-3A /{Formatted: Highlight

surface water sampling locations are presented on Map 2.1-182-4. _—{ Formatted: Highlight

The discussion of the ICs addressed in this section focuses primarily on the following
elements:

e A description of the data set for each contaminant;-including-frequency of
detection-and

e The relationship of contaminant concentration with respect to flow rate;

coneentrationfange

e The sampling locations and event types with elevated contaminant
concentrations compared to ambient water quality criteria (AWQC); and

e L ocations with the highest contaminant concentrations.=

The following subsections present tables and other graphical formats to support
discussion and evaluation of the in-river distribution of 1Cs. Additional tabular and
graphical summaries of the other key COCs in surface water are included in Appendix

D3. Finally, surface water sampling results are compared to various water screening [ Formatted: Highlight

values in Appendix D3.3,: where contaminants that exceed the screening values are
identified in the evaluation.

The final subsection in this discussion presents a site-specific evaluation of hydrophobic
contaminants using four contaminants:; PCBs, Dioxin/Furans, PAHs, and DDx. This

discussion presents a

the relationship of ehemiealcontaminant concentration with respect to dissolved and
particulate fractions and asseciationrelationship with suspended solids; and associated

organic carbon.
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The surface water chemistry distributions and supporting information are depicted in

several graphical formats: hydrographs and hyetographs of sampling events, discharge
rates, and precipitation events, and histograms of sample concentrations for all sampling
events for the ICs, along with line plots, stacked bar charts, and scatter plots for the ICs.
Additionally, Maps 5.4-1a-c present the surface water sampling locations.

Hydrographs and Hyetographs: The hydrographs show the average discharge rates
during the Reund-2A-and-3Aeach surface water sampling events and the hyetographs
show precipitation events and amounts to provide perspective on the timing of the
Round-2A-and-3A-sampling events and the specific conditions prior to, during, and after
each event. These are provided as Figures 5.4-1 through 5.4-4.

Histograms: The histograms provide a graphical summary of the distribution-of
chemicalsICs for all the surface water sampling events. For each analyte, data are
presented in two types of histograms: data sorted by flow event type (high -flow, low -
flow, and stermwaterstorm water-influenced flow) and data sorted by location in the
river channel (west and east channel and transect locations). For the XAD samples
{units-inpgfl), the individual data points are composed of shaded stacked bars to
distinguish between the XAD column and XAD filter samples. The bars are color-
coded to distinguish between the single -point samples (blue) and the transect samples
(orange). The non-detected samples are displayed with a hatch pattern or open bar.

The same scheme is used for the peristaltic samples-{unitsinua/Ld with shaded stacked /[COmmented [A1]: Units need to be consistent.

bars for total and dissolved fractions and blue and orange colors for the single -point

and transect samples m—Reund—Z—sta&mns—wereanalvzed#er—PAl%m—beth—the—XAD /{Formatted Highlight

Multnomah Channel and Swan

Island Lagoon are indicated by “MC” and “SIL”, respectively, on the histograms.

Line Plots: The line plots present the concentrations of the beunding-1Cs for each flow
type (high -flow, low -flow, stermwaterstorm water-influenced) at the transect stations
for all surface water sampling events. The squares, diamonds, and triangles represent
the data points. Prior to generating the plots, data were averaged so that only one value
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per transect per sampling event was used. NB and NS total (dissolved plus particulate)
concentrations were averaged for samples from stations W027 (Multnomah Channel),
WO005 (RM 4), W011 (RM 6.3), and W024 (RM 16) and east, west, and mid-channel
total concentrations were averaged for stations W025 (RM 2) and W023 (RM 11),
where applicable. The data for the 2007 high -flow event is displayed in two colors
because this event was completed in two phases with a stand -down period between
high -flow conditions.

Scatter Plots: Scatter-plot presentations of the surface water data show concentrations
of the ICs by river mile. The symbols on the scatter plots distinguish between flow
types (high flow, low flow, storm water-influenced flow) and single-point and transect
samples. The evaluation of hydrophobic ICs presents IC relationships with flow, TSS,
and organic carbon. Particulate versus dissolved concentrations are also presented for
detailed evaluation of the results.

Commented [A2]: This information was moved to intro to
section.

listed below:

e November 2004 (Round 2A, low -flow)

e March 2005 (Round 2A, low -flow)

e July 2005 (Round 2A, low -flow)

e January 2006 (Round 3A, high -flow)

e September 2006 (Round 3A, low- flow)

e November 2006 (Round 3A, storm_ water-influenced_flow)
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e January-March 2007 (Round 3A, high_-flow?).

Other studies included in this evaluation are:

° Slltronlc —I#Mavand June ZOOSWM@WW%HMG

(MFA /{Formatted Highlight

2005b Iow row%prese#&&Memal—mie%&He%nﬁe%ﬂ#em«:—a&#aeewa%e#
samples).

° NW Natural

Formatted: Bulleted + Level: 1 + Aligned at: 0.75" +
Indent at: 1"

/{ Formatted: Highlight

/{ Formatted: Highlight

e City of Portland — Fhe Cityof Portland collected surface water TSSdata

beHNeeﬂFebruarv 5, 1992 and March 15, 2006 (Sanders 2006, TSS). Jhe __{ Formatted: Highlight

Peristaltic and XAD (column and filter) samples were collected during all sampling
events, but not at all sampling locations. Table 5.4-1 summarizes the sampling methods
at each sampling station for each sampling event. A total of six transect locations
located at RM 2, mouth of Multnomah Channel, RM 3.9, RM 6.3, RM 11 and RM 16
were sampled;; due to flow conditions and sample event objectives, although-not all
transects were sampled during all sampling events. Transects were sampled in three
ways: as a vertically-integrated [V 1], equal discharge increment transect [EDI-VI]; as a
near surface equal discharge increment transect and near bottom equal discharge
increment transect pair [EDI-NS/NB]J; and as a vertically-integrated, three segment

(East, Mid-channel, West) egual-discharge-incrementtransect [EBEVI (E,.M,W)]2. /{Formatted: Highlight

Three single -point vertically-integrated samples were collected during Round 2A low
flow conditions only (W010, W014, and W020) to support the baseline human health
risk assessment. The remaining Round 2A single--point samples were collected in

! The January 2007 high-flow event was cancelled after two days of sampling due to unexpected change in flow
conditions. Sampling recommenced on February 21, 2007 once high-flow conditions (>50,000 cfs) were once
again observed_and continued through March 10, 2007.

2 A single vertically-integrated sample was collected from the mid-point of each transect segment.
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support of the baseline ecological risk assessment as near bottom samples. Round 3A
single--point samples were collected as near surface and near bottom pairs. Siltronic
collected peristaltic single -point samples, and NW Natural and the City of Portland
collected surface water grab samples. Both-grab-and peristaltic samples{single-point
samples)-were-colected-by-SHtronic-and-NW-Natural-Not all samples were analyzed
for every analyte. Each subsection that follows will discuss which samples were
analyzed for thateach |C-contaminant.

A total of 1623 perlstaltlc sample Iocatlons and seven peristaltic and XAD statlons were
sampled Peri 3 v J

staﬂens—durlnq the Round 2A Iow ﬂow condltlons and six perlstaltlc and XAD stations
were sampled during the Round 3A low flow conditions (Table 5.4-2). Twenty single-
point peristaltic stations (W001-W004, W006-W010, and W012-W022) and four
single-point peristaltic and XAD stations were sampled (W013, W015, W016, W018)
during each of the three Round 2A sampling events (Table 5.4-1). Both peristaltic and
XAD samples were collected for all the low flow transect samples in Round 2A. Three
Round 2A transect locations (W005, W011, and W023) were collected during low flow
conditions as EDI-VI. Four Round 3A transect locations (W005, W011, W024, and
W027) were collected as EDI-NS/NB and the other two Round 3A transect locations

Wa%er—eelemn Repllcates were enhfcollected based ona 5% tarqet frequencv at the

following single--point stations: W013 (peristaltic and XAD) and W016 (peristaltic
only) during November 2004; W013 (peristaltic and XAD) and W002, W004, and
WO016 (peristaltic only) during March 2005; and W002 and W016 (peristaltic only) and
WO013 (peristaltic and XAD-enaky) during July 2005. A total of 921 peristaltic samples
and 38 XAD samples were collected to represent the low flow conditions of the river
(Table 5.4-3). As summarized in Table 5.4-4, Ssamples collected during this flow

regime include:

e 6159 peristaltic and 15 XAD single-point, near-bottom samples;

e 89 peristaltic single-point, vertically-integrated samples;

e 915 peristaltic and 925 XAD transect, EDI-VI samples;

e 2 peristaltic and 2 XAD east-channel VI transect samples, 2 peristaltic and 2
XAD mid-channel VI transect samples, and 2 peristaltic and 2 XAD west-
channel VI transect samples;

e 4 peristaltic and 4 XAD transect, EDI-NS samples; and

e 4 peristaltic and 4 XAD transect, EDI-NB samples.

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
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collectedduringthe January- 20068 samphing-event.Storm water-influenced flow
conditions were only sampled once during Round 3A (November 2006). Both peristaltic
and XAD samples were collected at all six transect locations (W005, W011, W023,
W024, W0245, and W027) and 12 single-point stations (W026 and W028-W038)

during this sampling event (Table 5.4-1). Four of the transect locations (W005, W011,
W024 and W027) were sampled as EDI-NS/NB. The other two transect locations

(W023 and W025) were sampled as EBH-VI (E, M, W). All the single-point samples __{ Formatted: Highlight

were collected as NS/NB pairs. Replicates were collected at single-point stations W033
(peristaltic and XAD) and W036 (peristaltic only). A total of 402 peristaltic samples
and 42 XAD samples were collected to represent the storm water-influenced flow
conditions of the river (Table 5.4-3). As summarized in Table 5.4-4, Ssamples collected
during this flow regime include:

14 peristaltic and 134 XAD single-point, near surface samples;

e 14 peristaltic and 134 XAD single-point, near-bottom samples;

e 2 peristaltic and 2 XAD east-channel VI transect samples, 2 peristaltic and 2
XAD mid-channel VI transect samples, and 2 peristaltic and 2 XAD west-

channel VI transect samplesé-peristattic-and-6-XADB-transect-EDI-\A-samples;

e 4 peristaltic and 4 XAD transect, EDI-NS samples; and

e 4 peristaltic and 4 XAD transect, EDI-NB samples.

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
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High flow conditions were sampled twice during Round 3A (January 2006 and January-
March 2007). In January 2006, peristaltic and XAD samples were collected at three
transects (W005, W023, and W024). Due to safety concerns and sampling challenges
associated with the extreme high -flow conditions, the January 2006 samples were
collected mid-channel at a single fixed depth for each of the three transect stations that
were sampled. No vertical integration was performed.Fweo-samples\W005-and-\W023;
werecollected-as EDI-\-samples: The third sample- \W024 wascollectedas EDI-
NS/NB-samples—One replicate was collected at W0234 for the peristalticNS sample
only. Both peristaltic and XAD samples were collected at all six transects and 12 single-
point stations (W026 and W028-W038) during the January-March 2007 sampling event.
Four of the transect locations (W005, W011, W024 and W027) were sampled as EDI-
NS/NB. The other two transect locations (W023 and W025) were sampled as EDI-VI

/{ Formatted: Highlight

(E, M, W). Stations W023-M and W025-M were first sampled in January 2007, and
then re-occupied in March 2007 (W023-M2, W025-M2) due to changing flow
conditions. All the single-point samples were collected as NS/NB pairs. NS and NB
replicates were collected at single-point station W033 (peristaltic only) during the
January-March 2007 event. A total of 464 peristaltic samples and 43 XAD samples
were collected to represent the high flow conditions of the river (Table 5.4-3). As
summarized in Table 5.4-4, samples collected during this flow regime includes:

e 132 peristaltic and 12 XAD single-point, near surface samples;

e 123 peristaltic and 12 XAD single-point, near-bottom samples;

e 2 peristaltic and 2 XAD east-channel VI transect samples, 4 peristaltic and 2
XAD mid-channel VI transect samples, and 2 peristaltic and 2 XAD west-
channel VI transect samplesilperistaltic-and-10-XADtransect EDI-V|
samples;

e 45 peristaltic and 45 XAD transect, EDI-NS samples; and

e 4 peristaltic and 4 XAD transect, EDI-NB samples.

Since the single--point stations sampled during the low flow event are located in
different areas of the site than the stations sampled during the other flow events, the
data sets cannot be compared to each other because they represent different areas of the
site. While the six transects were sampled in almost all the sampling events, different
sampling methods were used to collect the samples. While the discussion will still
compare concentrations at the river transects, it must be understood that there is
uncertainty associated with the transect data between flow events.

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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Uncertainty associated with the surface water data is related primarily to the

representativeness of the analytical data set. The data sets are derived from grab
samples instead of time-weighted composites, and a limited number of samples were
collected under a limited number of flow conditions. This prohibits a guantitative
statistical evaluation of temporal and flow variability in surface water quality and is an
important source of uncertainty of unknown magnitude. Further, the limited number of
data points should not be construed as defining the magnitude and extent of the surface
water contamination in localized areas that may be problematic and will need to be
addressed further in remedial design. However, the data presented isare sufficient to
determine the extent of contamination at the site and to determine the need for action.
As discussed in Section 2, only high-guality-Category 1 QA2 data awere used in these

nature-and-extent-discussions.

-River Conditions during . < | Formatted: Heading 3,1.1.1 Heading 3,Char, Indent:
Hanging: 0.56", Tab stops: 0.5", Left

5:4-2:25.4.2 _Round 2A and 3A Sample Collection Genditions Formatted: Font: Bold )
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it is redundant with Section 2.
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A summary of the sampling events, including dates of collection, flow rates, and
relative flow conditions, are presented in Table 5.4-5. Average discharge rates
(recorded as cfs) for each event are based on measurements collected by the USGS at
the stream flow station located upstream of the Morrison Bridge at RM 12.8 (Sstation
14211720). Flow measurements from the USGS gauge at this station are collected
every 30 minutes and were used to calculate flow rates for each of the seven sampling
events.® It should be noted that discharge rates below 20,000 cfs measured at this
station are considered to be unreliable by the USGS. Therefore, the average discharge
rates calculated for the low -flow events should be considered estimates.

The seven-Reund-2A-and-3A-surface water sampling events and their corresponding
flow rates are presented against the backdrop of the average year (1972-2008)
hydrograph measured at Morrison Bridge{RM-12.8} oin Figure 5.43-1. Overall, the
sampling events were well distributed over the average water year, capturing the range
of flow conditions, including base flow, rising limb, peak flow, and falling limb

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
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conditions. Additionally, the November 2006 sampling captured a storm_water-
influenced flow event duringat the onset of the transition from a low -flow period_to a
high flow period. Figures 5.43-2a-d threugh-5:3-5-present the actual annual hydrograph
measured at Morrison Bridge (RM 12.8) and hyetograph during each year of sampling
(2004-2007), including daily average and historical average (1978-2008) discharge
rates and daily precipitation levels_and identifies the sampling events collected during
each year. Several rainfall events occurred during the November 2004 sampling event,
and one day of measurable rainfall occurred during each of the March and July 2005
sampling events.

The seasonal cycle of water discharge in the Willamette River is also apparent #-on
Figure 5.43-1. Annual low water levels occur during the summertime regional dry
season, and flows increase during the wetter winter months (November to March).
Furthermore, a distinct and persistent period of relatively high water levels occurs from
late May through June when Willamette River flow into the Columbia is slowed by
high-water stage/flow in the Columbia River during the spring freshet in the much
Iarger Columbla Rlver Basin. A&desenbed—m%eeﬂen%—l%—\mleve#&and-e&#ems

Fetenﬂen-at—elam&The flow regime can |nf|uence the concentratlon of contamlnants in

the water column.

Flow measurements were not collected at the lower end of the sStudy aArea where the
river flows either into the Columbia River or into Multhomah channel. To better
understand the Hydrodynamic-medel-estimates-of-flow dynamics at the lower end of the
Study Area, a hydrodynamic model (discussed in Section 6) was used to estimate these
flows. The model shows that the relative stages of the Columbia and Willamette rivers
determines the fraction of the Willamette River flow, which flows down Multnomah
Channel (WEST 2006a). Figure 5.43-36 presents the average annual hydrograph, based
on modeled discharge rates for 2003 through 2007, for RM 4, RM 2, and Multnomah
Channel. The Morrison Bridge (RM 12.8) 25-yr average hydrograph is also shown for
comparison. Figure 5.43-47 presents the modeled daily average flows for 2003 through
2007; and highlights the time periods when surface water samples were collected at RM
4, RM 2, and Multnomah Channel. A few key observations are apparent in these
figures. First, for a significant portion of each year, generally May through September,
the relatively higher Columbia River stage drives a reversal in flow direction at RM 2.
During these periods, the Multnomah Channel flow increases and includes the entire
Willamette River flow plus some flows from the Columbia River. Second, Figure 5.43-
47 shows that surface water sampling events at the RM 2 and Multnomah Channel
sample transects did not occur during these flow reversal periods; rather, sampling was
conducted when the Willamette River flow was in the downstream direction, and flows
This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
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split between Multnomah Channel and the main stem. This indicates that surface water
samples collected at RM 2 and Multnomah Channel are representative of Willamette
River water and are not strongly influenced by mixing with Columbia River water.

Tidal action also compounds the hydrology and interplay of the two rivers, and affects
the Willamette River upstream as far as Portland Harbor and beyond. The high (i.e.,
flood) tide can influence Willamette River levels by up to 3 ft in Portland Harbor when
the river is at a low stage. These tidal fluctuations can result in short-term flow
reversals (i.e., upstream flow) in Portland Harbor during times of low river stage
combined with large flood tides. Tidal changes were observed at multiple stations
during the surface water sampling events. At this time, there is not adequate high-
resolution discharge information to determine the potential influence of tidal
fluctuations and water mixing on surface water sampling results; however, the overall
tidal impact is not expected to be significant.

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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54.65.4.3 _Suspended Solids — ‘[ Formatted: Indent: Hanging: 0.5"

Suspended sediment loads and-dynamies-are potentially an important component of the
Lower Willamette River physical system;. are-TSS data have been collected as part of
the surface water data collection effort to understand distributions and patterns of

ehemieaLcontammant concentratlons Penstaku:—sampleswer&eeﬂeeted—and—analy%ed

F@u#es%%}@a%%-}eb—andé—&l—l—As stated in Sectlon 3, evaluatlons overall |nd|cate [ Formatted: Highlight

that a positive correlation exists between TSS concentrations and flow rate in the Lower
Willamette River.

Total organic carbon (TOC) comes from decaying natural organic matter as well as
synthetic sources, such as oil and coal. Persistent organic pollutants, such as PCBs,
dioxin/furans, and chlorinated pesticides, tend to accumulate in the organic fraction (foc)
of sediments and soils, although they can dissolve in appreciable quantities in aguatic
environments due to the dissolved organic carbon (DOC) and possible presence of
colloids® in the water column. Organic carbon in the suspended sediment is a strong
determinant in the adsorption of low soluble organic contaminants (i.e., persistent
organic pollutants). DOC is extremely important in the transport of metals in the aquatic

9 Colloids are very small organic or mineral particles that can barely be seen by the naked eye. Separation of
colloids from the aqueous phase is difficult and very little is known about their composition and behavior.
This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
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systems. Metals form extremely strong complexes with DOC, enhancing metal
solubility while also reducing metal bioavailability.

Figures 5.43-15 and 5.43-16 present the foc on the TSS in each surface water sample as
a function of flow rate and river mile, respectively. The surface water transect
particulate and dissolved organic carbon data are presented by event on Figures 5.43-17
and 5.43-18. The foc values on the TSS range from 0 to 20 percent in the low -flow
samples and 0 to 50 percent in the storm water-influenced samples. Conversely, the foc

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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on the TSS in high ~flow samples is distinctly lower, ranging from 0 to less than 4
percent, suggesting the introduction of suspended particles with low organic carbon
content during high -flow events. Generally low foc values may be a function of larger
particles (lower surface area per volume and therefore fewer organic carbon binding
sites) introduced during high -flow conditions.

Figure 5.43-19 presents a scatter plot of foc and TSS that summarizes the overall trend
of solids concentrations and foc in the data set. High ~flow samples tend to exhibit lower
foc associated with TSS. The shape of the curve is largely driven by the fact that foc is a
function of TSS. The suspended solids associated with the storm water-influenced
samples appear to have the highest levels of organic carbon content. The TSS
concentrations and corresponding foc values vary somewhat between flow types, and the
low -flow samples appear to fall between the high -flow and storm water-influenced
samples based on the level of organic carbon. There is the possibility that there may be
local nearshore effects at the point of discharge that were not captured in the surface
water sampling data set.

D ‘[ Formatted: Indent: Hanging:

0.5"

5.4.4 Total PCBs in Surface Water
Total PCB data isare summarized in Tables 5.4-35 through 5.4-820. Transect samples

are summarized by flow event in Tables 5.4-36, 5.4-511, and 5.4-716.-while-sSingle-
point samples are summarized by flow event in Tables 5.4-47 through 5.4-10 (high flow
events),-5-4-6and Tables 5.4-812 through 5.4-15 (low flow events), and Tables 5.4-17
through 5.4-20 (storm water-influenced events). All PCB surface water sample results
are presented in Table 5.4-921 by sample event and sample ID number.

Dissolved and particulate PCB congener concentrations in surface water XAD columns
and filters and PCB Aroclor concentrations from the peristaltic pumps are presented in
stacked bar graphs by flow event and by river mile/channel position ion Figures 5.4-
10a-c and 5.4-11a-c.

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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Total PCB concentrations at the transect locations as a function of flow rate is presented
inon Figures 5.4-12. The data points presented in this figure are averages of all data
points collected at a particular transect for each measured flow event.

Figures 5.4-13a-and- b present a scatter plot of all Ttotal PCB surface water data. Note
the symbols and colors indicate the sample type—point vs. transect—and the general
flow conditions of the sampling event—Ilow -flow, storm water-influenced, or high
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Total PCBs were analyzed as PCB Aroclors by EPA method 8081 in 51 of the total 157
peristaltic samples collected; 41 SP-NB samples, nine SP-VI samples, and one transect
EDI-VI sample. High-volume surface water samples_(XAD samples) were analyzed for
as PCB congeners {reperted-in-units-ofpg/l)-by HRGC/HRMS in 120.5% of the total
123 XAD samples collected; 25 SP-NS samples, 39.5 SP-NB samples, 31 transect EDI-
VI samples 13 transect EDI NS samples and 12 transect EDI- NB samples—and

aFe—l—QOG-OOO—pg%—l—eg—PCB Aroclors were not detected in the majorlty of the

peristaltic samples (45 of appreximately-90-pereent51 nonundetect samplesed) with
detection limits ranging from 0.0025 to 0.0027 pg/L, which is four orders of magnitude

greater than the Oregon water quality criterion for human health (0.0000064 pg/L),
although below the chronic Oregon water quality criterion for aquatic life (0.014 ug/L)

and the MCL (0.5 pg/L)-atan-average-detectiontimit6f0:00125-pgi—.

M%O@%%M%%Detectlons of PCB Aroclors were I|m|ted

to six single-point samples_collected during the Round 2A low flow event at the
following stations:

o WO001 (RM 2.0E), ‘/{

Formatted: Bulleted + Level: 1 + Aligned at: 0.75" +
Indent at: 1"

10 Only the column of the XAD sample collected during July 2005 low flow event was analyzed for total PCBs;
the filter was not analyzed.-
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e \WO004 (RM 3.7E-head of International Slip),

e WO014 (RM 6.9E) and

e WO022 (RM 9.7W).

Detected PCB Aroclor with concentrations for SP-NB samples rangeing from
0.0059247 J ug/L t0.0.01490592 J ug/L; only one SP-VI sample (W014) was detected

at 0.016725 pg/L. EBesauseerhelovsieaneperordeteetionthose-dotare et

Total PCB congener concentrations, calculated as {the sum of the dissolved_(XAD
column) and particulate (XAD filter) concentrations, were detected in all samples.

Indent at: 1", Tab stops: 1", Left + 1.81", Left
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5.4.8.95.4.4.2 PCB Relationships to Flow Rate

Total PCB concentrations in samples collected during low flow conditions ranged as
follows:

e SP-NS: Not sampled;

e SP-NB: 0.000375 J po/L t0 0.01198 J ng/L;

e T-VI 0.000174 J pg/L to 0.000950 J pg/L (station W023E at RM 11);

e T-EDI/NS: 0.000159 J pg/L to 0.000682 J pg/L (station WO11 at RM 6.3);

e T-EDI/NB: 0.000174 J pg/L to 0.000950 J pg/L (station W005 at RM 3.9); and

e T-EDI/VI. 0.000171 J pg/L to 0.000608 J pg/L (station W023 at RM 11).

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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Total PCB concentrations in samples collected during storm water-influenced flow

conditions ranged as follows:

SP-NS: 0.000182 J ug/L to 0.002586 J ug/L (station W030 at RM 5.

5E);

SP-NB: 0.000112 J ng/L to 0.000897 J pg/L (station WO026 at RM 2.

1E);

T-VI: 0.000121 J pg/L to 0.001290 J pg/L (station W025 at RM 2E);

T-EDI/NS: 0.000149 J pg/L to 0.000458 J pg/L (station W005 at RM 3.

9):

T-EDI/NB: 0.000205 J pg/L to 0.000440 J pg/L (station WO005 at RM 3.

9); and

T-EDI/VI: Not sampled.

follows:

Total PCB concentrations in samples collected during high flow conditions ranged as
e SP-NS: 0.000111 J po/L to 0.000932 J pg/L (station W029 at RM 4.4W);
e SP-NB: 0.000149 J ug/L to 0.000773 J ug/L (station W035 in Swan Island
Lagoon);
e T-VI 0.000042 J pg/L to 0.000169 J pg/L (station W023 at RM 11E);

T-EDI/NS: 0.000132 J pg/L to 0.000250 J pg/L (station W027 in Multn

omah

Channel);

T-EDI/NB: 0.000205 J pg/L to 0.000391 J pg/L (station W005 at RM 3.

9); and

T-EDI/VI: Not sampled.,

1
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duringlow-flow-events—PCB concentrations were consistently lower in high- fl
samples as-compared to the low -flow and storm water-influenced_flow samples,

suggesting that inflow concentrations at high flow rates overwhelm local effects and
contrel-PCB concentrations-until-flow-rates-subside.

ow

It is apparent that there is a source of PCBs in the Downtown Reach (between RM 11

and RM 16), since all sample events show the concentrations at the RM 11 transect are

consistently greater than RM 16 transect. During three of the four low flow sampling

events (March 2005, July 2005, and September 2006), there is indication that sources of

PCBs are located between RM 11 and RM 6. However, the November 2004 low flow

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document

may not reflect LWG positions or the final resolution of the EPA comments.
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event did not show this same trend. Two of the low flow events (July 2005 and
September 2006) indicate that there is also a source between RM 6 and RM 4 that
sustains the elevated concentrations. The February 2007 high flow sampling event
indicates that there is a source of PCBs between RM 6 and RM 4. This source is also
apparent in the November 2006 storm water-influenced flow event. Only the storm

water-influenced flow indicates that there is a source of PCBs between RM 4 and RM

Two of the three highest total PCB concentrations at RM 11 were from the sampling

stations on the east side of the channel (Figures 5.4-10a-c), indicating possible sources
in this location of the river. The second highest result at RM 11 was from a Round 2A
vertically- and horizontally-integrated transect, and the field crew noted storm water
runoff entering the east side of the channel during collection of this sample (Jones 2007,

pers. comm.).

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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None of the sample results exceeds the MCL for PCBs (0.5 pg/L). Results from Ttwo «—{ Formatted: Body Text, Indent: Left: 0", Space After: 0pt |
sample stations exceeded the chronic AWQC for aquatic life (0.014 pg/L): W004 (RM

3.7 at the head of International Slip) and W014 (RM 6.9E in Willamette Cove). All the

sample results exceed the AWQC for human health (0.0000064 pg/L) by one to four

orders of magnitude. The majority of the highest total PCB concentrations (six-eut-of

seven->2.0000.001 upa/L) were associated with single-point samples collected atRM

6-7{Station-W013) within-Willamette Cove-during low -flow conditions.

The highest concentrations (>0.01 pg/L) were collected at the following stations:

e \WO004 (RM 3.7E at the head of International Slip), ‘/A{Formatted: Body Text, Space After: 0 pt, Bulleted + Level: }
1 + Aligned at: 0.75" + Indent at: 1"

e WO013 and W014 (RM 6.9E in Willamette Cove).

The next highest concentrations (<0.01>0.001 pg/L) were -fourth-highestsingle-point <———[ Formatted: Body Text, Indent: Left: 0", Space After: 0 pt ]
concentration-was-collected at the following stations during low flow conditions:

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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e WO001 (RM 2.0E), Formatted: Body Text, Space After: 0 pt, Bulleted + Level:
1 + Aligned at: 0.75" + Indent at: 1"

e WO015 (RM 6.9W),

e WO016 (RM 7.2W),

e WO018 (in Swan Island Lagoon),

e WO019 (RM 8.6W), and

e WO020 (RM 9.7W)

duringlow-flow-conditions-and during the storm water-influenced flow event atthe ~ +—{ Formatted: Body Text, Indent: Left: 0", Space After: 0 pt )
following stations:

o W025 (RM 2.0E), ‘/4[ Formatted: Body Text, Space After: 0 pt, Bulleted + Level: }

1 + Aligned at: 0.75" + Indent at: 1"

e WO028 (RM 3.6E), and

e WO030 (RM 5.5)-AA030 during-the stormwater-influenced flow event).

A ‘[ Formatted: Indent: Left: 0.44", Tab stops: 0.5", Left ]
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5.4.5 Total PCDD/Fs_and TCDD TEQ in Surface Water «—{ Formatted: Indent: Hanging: 05"

Total PCDD/F and TCDD TEQ data isare summarized in Tables 5.4-35 through 5.4-
820. Transect samples are summarized by flow event in Tables 5.4-36, 5.4-511, and
5.4-716. while sSingle--point samples are summarized by flow event in Tables 5.4-47
through 5.4-10 (high flow events), Tables 5.4-612 through 5.4-15 (low flow events),
and Tables 5.4-817 through 5.4-20 (storm water-influenced events). All PCDD/F and
TCDD TEQ surface water sample results are presented in Tables 5.4-10229 and 5.4-
11230 by sample event and sample ID number.

Dissolved and particulate PCDD/F congener concentrations in surface water XAD
columns and filters and concentrations from the peristaltic pump samples are presented
in stacked bar graphs by flow event and by river mile/channel position oin Figures 5.4-
14a-c and 5.4-15a-b. Dissolved and particulate TCDD TEQ concentrations in surface
water are presented similarly oin Figures 5.4-18a-c and 5.4-19a-h.

Total PCDD/F concentrations at the transect locations as a function of flow rate «—{ Formatted: Body Text

is presented oin Figures 5.4-16. The data points presented in this figure are averages of
all data points collected at a particular transect for each measured flow event.

5.4.9 Figures 5.4-17 presents a scatter plot of all Total PCDD/F surface water data.
Note the symbols and colors indicate the sample type—point vs. transect—and the
general flow conditions of the sampling event—Ilow -flow, storm-water-influenced, or

high -flow).}
5.45.1 Total PCDD/Fs and TCDD TEQ Data

54.5.1.1 Total PCDD/Fs Data «——{ Formatted: Heading 5

Total PCDD/Fs were analyzed as PCDD/F congeners in Hhigh-volume surface water

samples were-analyzed-for PCDB/Fs-by HRGC/HRMS in 77 of the total 123 XAD
samples collected; 7 SP-NS samples, 16 SP-NB samples, 11 transect EDI-VI samples,

18 SP-VI samples, 13 transect EDI-NS samples, and 12 transect EDI-NB samples.

Total PCDD/F congener concentrations, calculated as the sum of the dissolved (XAD

column) and particulate (XAD filter) concentrations, were detected in all samples.

Total PCDD/F concentrations in SP-NB-samples collected during low -flow conditions
ranged as follows:

e SP-NS: Not sampled; Formatted: Bulleted + Level: 1 + Aligned at: 0.75" +
Indent at: 1", Tab stops: 1", Left + 1.88", Left

e SP-NB: -from-0.000031 pg/L to 0.000162 pg/L (sStation WO013 at RM
6.9E);

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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. . les during low-fl

ranqéd—frem

Wi-samples;

e T-EDI/NS:

0.000006 J pg/L to 0.000027 J pg/L (sStation WO23E at RM 11)-n

e T-EDI/NB:

Multnomah Channel); II:Z\f/teL:— llgg!lgcsf(: at: 0.75" + Indent at: 1", Tab stops: 1",

-0.000018 J po/L to 0.000026 J pg/L (sStation W027 in ﬁ Formatted: Indent: Left: 0.75", Hanging: 1.13", Bulleted +

+r-EDI-NS-samples;:-0.000028 J pg/L to 0.000052 J pg/L (sStation

o T-EDI/VL

WO005 at RM 3.9); and

0.000017 J pg/L to 0.000050 J pg/L (sStation W0O05 at RM 3.9).

Total PCDD/F concentrations in SP-NB-samples collected during storm water-

influenced flow conditions ranged as follows:

e SP-NS: 0.000038 J ug/L to 0.000054 J ug/L (sStation W035 in Swan Island EorTalttei:rlndednt: Leoft:750-75;‘,dHanging:1 1.#3;), Bulletedl+
1+ t: 0.75" + tat: 1", tops: 1",

Lagoon)

e SP-NB: -from-0.000036 pg/L to 0.000055 J pg/L (Sstation W032 at RM
6.9E);

o T-VI:

e T-EDI/NS: -0.000019 J pg/L to 0.000028 pg/L (sStation WO005 at RM 3.9);

e T-EDI/NB: 4nEDI-NSsamples:and-0.000026 pg/L to 0.000050 ug/L
(sStation W005 at RM 3.9); and

e T-EDI/VI. Not sampledin-EDI-NB-samples.

Total PCDD/F concentrations in SP-NB-samples collected during high flow conditions

ranged as follows:

e SP-NS: 0.000025 pg/L to 0.000074 pg/L (sStation W035 in Swan Island "j Eorrrllaltteti:l_lndednt: Legt:750.75;', dHanging:1 1'#3"6 Bulleted1 +
. evel: 1 + Aligned at: 0.75" + Indent at: 1", Tab stops: 1",
Lagoon);from Left + 1.88",gLeft >
e SP-NB: 0.000027 J pg/L to 0.000075 pg/L (Sstation WO035 in Swan Island
Lagoon);
e T-VI

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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e T-EDI/NS: -0.000010J pg/L to 0.000030 J pg/L (sStation W027 in
Multnomah Channel and sStation W024 at RM 16)4r-EDI-NS

samples;-and

e T-EDI/NB: 0.000008 J pg/L to 0.000029 ug/L (sStation W027 in Multnomah
Channel)-4n-EBI-NB-samples; and

e T-EDI/VI. Not sampled.

5.4.5.1.2 TCDD TEQ Data “( Formatted: Heading 5

TCDD TEQ were calculated in 77 of the total 123 XAD samples collected; 7 SP-NS
samples, 16 SP-NB samples, 11 transect EDI-VI samples, 18 SP-VI samples, 13
transect EDI-NS samples, and 12 transect EDI-NB samples. Stacked bar graphs
depicting TCDD TEQ concentrations in the surface water dissolved (XAD column) and
particulate (XAD filter) samples by flow condition and river mile are presented {aon
Figures 5.4-18a-c and 5.4-19a-b.

TCDD TEQ concentrations, calculated as the sum of the dissolved (XAD column) and
particulate (XAD filter) TCDD toxicity equivalent concentrations of each dioxin/furan
congener, were detected in all samples.

TCDD TEQ concentrations in SP-NB-samples collected during low -flow conditions
ranged as follows:

Level: 1 + Aligned at: 0.75" + Indent at: 1", Tab stops: 1",

o SP-NS: Not sampled; Formatted: Indent: Left: 0.75", Hanging: 1.13", Bulleted +
Left + 1.88", Left

e SP-NB: from-1.1x107 pg/L t0 9.17x107 pg/L (Sstation WO013 at RM
6.9E);

e T-VI —Concentrations-measured-in-transect samples-during-low-flow
ranged-from-1.81x10® J ug/L to 6.43x10® J pg/L (Sstation W023E
at RM 11)-in-\-samples;

e T-EDI/NS: -2.69x10%J pg/L to 9.17x10® J ug/L (Sstation WO027 in
Multnomah Channel)-ir-EBI-NS-samples;

e T-EDI/NB: -9.28x107%J pg/L to 1.97x107 J ug/L (Sstation WO0O05 at RM 3.9)-in
EBDI-NB-samples; and

e T-EDI/VI:  -and4.3x10® J pg/L to 3.27x107 J ug/L (Sstation WO005 at RM

3.9)4nEDI-\-samples. [ Formatted: Not Highlight

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
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Tetal PCDD TEQ/F concentrations in SP-NB-samples collected during storm water-
influenced flow conditions ranged as follows:

e SP-NS: 7.77x10 J ng/L to 1.36x10°7 J pg/L (Sstation WO023 in Swan Formatted: Indent: Left: 0.75", Hanging: 1.13", Bulleted +
Island Lagoon)' Level: 1 + Aligned at: 0.75" + Indent at: 1", Tab stops: 1",

Left + 1.88", Left
e SP-NB: $rom-0-0000361.01x107 pa/L to 8:0000552.12x107 J ug/L
(Sstation W0332 at RM 7W6-9E);

o T-VI: —while SP-NS samples ranged-from-0-0000387. 77x10°8 J ug/tto
0.0000541 36x10 " J gl {Station W02335 in-Swan-Island
l:aeeen)—@eneentraﬂen&measured—m%vseepsample&éunﬂq—this
flow-regime ranged-from-0.0000049.55x10° J pg/L to
0.0001182.78x1077 ug/L (Sstation W023 at RM 11E)-in\4
samples;

e T-EDI/NS: -6.0000193.73x1078 J ug/L to 6-0000287.29x107 pg/L (Sstation
W02705 at-RM-3-9in Multnomah Channel)4r-EBI-NS-samples;

e T-EDI/NB: -and-0-0000268.9x10° pg/L to 6:0000501.09x10° pg/L (Sstation
WO027 in Multnomah Channel95-atRM-3-9);

e T-EDI/VI. Not4n-EDI-NB-sampleds.

Total PCDD/F concentrations in SP-NB-samples collected during high flow conditions
ranged as follows:

e SP-NS: 5.09x10° png/L to 1.68x107 ug/L (sStation WO035 in Swan Island Formatted: Indent: Left: 0.75", Hanging: 1.13", Bulleted +
Lagoon)' Level: 1 + Aligned at: 0.75" + Indent at: 1", Tab stops: 1",

Left + 1.88", Left
e SP-NB: $rom-0-0000274.91x10% J ug/L to 8-0000751.49x107 ug/L
(sStation W035 in Swan Island Lagoon);

o T-VI: ~while SP-NS samples ranged-from-0-0000255.09x10 % gl to
0-0000741.68x10 71/ (Station WO35-in- Swantsland-Lagoon):
Concentrations-measured-in-transect samples-during thisflow
regimeranged-from-0-0000051.13x10°8 J pg/L to 8-0000316.57x10°
8 J ua/L (Sstation W023 at RM 11E)-in-\-samples:

e T-EDI/NS: -5.0000102.38x10°® J pg/L to 6-0000306.73x10°8 J pg/L (Statien
W0O27 in-Multhomah-Channel-and-sStation W027 in Multnomah
Channel4-at-RM-16)-in EDI-NS-samples;

e T-EDI/NB: -ard0-0000081.65x10® J pg/L to 6:0000296.82x10°® pg/L
(Sstation W00527 in-Multnomah Channelat RM 3.9); and

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
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e 4n-T-EDI/VI: Not-NB samplesd.

A. aWa

elurqureW-ﬂeweenelmens—quure 5.4- 163Fhe shows that the concentratlons are
overwhelmed by localized affects and the—seeend—htqhest—eeneemratren—wasmeasured

appear to be an overaII trend tewardsbetween htqhtotal PCDD/F values associatedand
with-low-flow conditions. -It is apparent that there is a source of PCDD/Fs in the
Downtown Reach (between RM 11 and RM 16), since all sample events show the
concentrations at the RM 11 transect are consistently greater than concentrations at the
RM 16 transect. During three of the four low flow sampling events (March 2005, July
2005, and September 2006), there is indication that sources of PCDD/Fs are located
between RM 11 and RM 6.3. The July 2005 low flow event indicates that there is also a
source between RM 6.3 and RM 3.9 that greatly increases the PCDD/Fs concentrations.
The storm water-influenced flow indicates that there is a source of PCDD/Fs between
RM 3.9 and RM 2; the February 2007 high flow event shows a similar pattern.
Concentrations of PCDD/Fs leaving the sStudy aArea in Multnomah Channel were
consistently higher thant RM 16 upstream of the Sstudy Aarea, while concentrations at
RM 2 were c0n5|stentlv Iower than RM 16 and Multnomah Channel. At—thedewnstream

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
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5.4.9.15.4.5.3 PCDD/F_and TCDD TEQ Spatial Distribution

There are no ambientwatercriterias AWQC for total PCDD/F. None of the sample
results exceed the MCL for TCDD TEQ (3x10°° pg/L) or the chronic AWQC for
aquatic life (3.8x10 pg/L). All the sample results exceed the AWQC for human health
(5.1x10%° pg/L) by one to three orders of magnitude. The majority of the highest total
concentrations (>1x107 ug/L) were associated with both transect and single-point
samples collected predominantly during low flow and storm water-induced flow
conditions.

The highest concentrations were collected at the following stations during low flow

events:
e \WO0O05 (transect at RM 3.9), ﬁ Formatted: Bulleted + Level: 1 + Aligned at: 0.75" +
Indent at: 1"
e WO011 (transect at RM 6.3),
e \WO013 (RM 6.9E), and
e WO015 (RM 6.9W)
and during the storm water-influenced flow event at the following stations:
e \WO0O05 (transect at RM 3.9), ‘/4{ Formatted: Bulleted + Level: 1 + Aligned at: 0.75" +
Indent at: 1"

e W023 (RM 11E),

e WO027 (transect in Multnomah Channel),

e WO032 (RM 6.9E),

e WO033 (RM 7.0W), and

e WO035 (Swan Island Lagoon).

The only high-concentration-sample with a high concentration collected during high
flow events was in Swan Island Lagoon.These data suggest that local PCDD/F sources

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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may exist in these regions of the Study Area. Fhedistribution-of total PCDD/E
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5.4.105.4.6 Total DDx in Surface Water

Total DDx data isare summarized in Tables 5.4-25 through 5.4-820. Transect samples | commented [JMK9]: We have noticed what appear to be some
i : f f database inconsistencies compared to LWG tables, such as sample
are summarized by flow e\_/ent in Tables 5.4-36, 5.4-511, and 5.4-716. WhHe%SI_nGle- counts, inclusion/exclusion of duplicates, etc, so it is recommended
point samples are summarized by flow event in Tables 5.4-47 through 5.4-10 (high flow that all counts/ranges be reviewed carefully throughout. See specific
events), Tables 5.4-612 through 5.4-15 (low flow events), and Tables 5.4-817 through el iesait] i oLt MAales iy WelEl PAB e ki

which were used as examples to identify specific questions.

5.4-20 (storm water-influenced events). All DDx surface water sample results are
presented in Tables 5.4-1226 through 5:4-17-by sample event and sample ID number.

Dissolved and particulate DDx eengener-concentrations in surface water XAD columns
and filters and DDx concentrations from the peristaltic pumps are presented in stacked
bar graphs by flow event on Figures 5.4-20a-c and by river mile/channel position onia
Figures 5.4-1021a-c-and54-11,

Total PEBDDx concentrations at the transect locations as a function of flow rate isare
presented onin Figures 5.4-122. The data points presented in this figure are averages of
all data points collected at a particular transect for each measured flow event.

Figures 5.4-123a-and--b present a scatter plot of all Total RPEBDDx surface water data.
Note the symbols and colors indicate the sample type—point vs. transect—and the
general flow conditions of the sampling event—Ilow -flow, storm water-influenced, or

high -flow.)

5.4.6.1 Total DDx Data <’——[Formatted: Heading 4 ]

DDx contaminants were analyzed by EPA method 8081A in 79 of the total 163

peristaltic samples collected; 54 SP-NB samples, ten SP-NS samples, nine SP-VI

samples, two T-NB samples, and four T-NS samples. High-volume surface water

samples (XAD samples) were analyzed for DDx contaminants by JAXYS Method MLA-

028 (Rev 1 or 2)|in 88 of the total 123 XAD samples collected; 24 SP-NB samples, nine /{Commented [RRL10]: Specify more details about the method. ]
SP-NS samples, 12 T-NB samples, 12 T-NS samples, and 31 T-VI samples.

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
5.4-42



Working File Copy Not Approved by EPA. Do not cite. Portland Harbor RI/FS

Draft Final Remedial Investigation Report
August 29, 2011

DDx contaminants were not detected in the majority of the peristaltic samples (52 of 79
nondetect samples) with detection limits ranging from 0.000472 to 0.0015 pg/L, which
is one to two orders of magnitude less than the EPA RSLs for tapwater (which range
from 0.027 ug/L for DDD to 0.2 ug/L for 4-4’-DDE, and DDT). Most detection limits
are also less than the chronic Oregon water quality criterion for aguatic life (0.001 pg/L
for 4,4'-DDT). Only three of the 52 detection limits exceed 0.001 pg/L.

DDx contaminants were detected in all of the XAD samples (column sample or filter

sample or both).

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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54-16-135.4.6.2 DDx Relationships to Flow Rate
Total DDx concentrations are subsequently listed as measured in the peristaltic samples

or calculated as the sum of the dissolved (XAD column) and particulate (XAD filter)
concentrations. Total DDx concentrations in samples collected during low flow
conditions ranged as follows (the station listed is for the maximum):

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the

document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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e SP-NB: 0.00000763 J pg/L to 0.0187 J pg/L (station WO001 at RM 2.0E)

e SP-NS: Not sampled

e SP-VI: Not sampled

e T-NB: 0.0000299 J pa/L to 0.000546 J pg/L (station W005 at RM 3.9)

e T-NS: 0.0000166 J pg/L to 0.0005 J pg/L (station WO027 at Multnomah
Channel

o T-VI 0.0000104 J pg/L to 0.000322 J pg/L (station WO25 at RM 2W)

Total DDx concentrations in samples collected during storm water-influenced flow

conditions ranged as follows (the station listed is for the maximum):

e SP-NB: 0.0000469 J pg/L to 0.0047 J pg/L (station WO37 at RM 9.6W)
e SP-NS: 0.0000193 J pg/L to 0.0025 J pg/L (station W029 at RM 4.4W)
e SP-VI: Not sampled

e T-NB: 0.0000378 J pa/L to 0.000201 J pg/L (station W011 at RM 6.3)
e T-NS: 0.00000786 J pg/L to 0.0029 J pg/L (station W031 at RM 6.1\W)
o T-VI 0.00003 J pg/L to 0.000184 J pg/L (station W025 at RM 2W)

Total DDx concentrations in samples collected during high flow conditions ranged as

follows (the station listed is for the maximum):

e SP-NB:  0.000119J pg/L to 0.00205 J pg/L (station WO037 at RM 9.6W)

e SP-NS: 0.000105 J pg/L to 0.00096 J pg/L (station W029 at RM 4.4W)

e SP-VI: Not sampled

e T-NB: 0.00013 J pg/L to 0.000578 J pg/L (station WOO5 at RM 3.9)

e T-NS: 0.000124 J pg/L to 0.000535J pg/L (station WO005 at RM 3.9)

e T-VI 0.0000296 J pg/L to 0.000618 J pg/L (station WO023 at RM 11E)

With the exception of the highest total DDx concentrations that were measured at RM

6.9 and 7.2 and a single high concentration measured at RM 2 (March 2005), the range

of total DDx concentrations detected was fairly consistent. Total DDx concentrations in

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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surface water transect stations (Figure 5.4-23a-b) were generally higher in high flow
samples than in those associated with the low flow and storm water-influenced

samples. Fetal-DDx-concentrations-as-a-fu

5.4.6.3 DDx Spatial Distribution

None of the samples exceed the EPA RSLs for DDx contaminants (which range from
0.027 pg/L for DDD to 0.2 pg/L for 4,4'-DDE and DDT). Results from twenty sample
stations exceeded the chronic Oregon water quality criterion for aquatic life (0.001 pg/L
for 4,4'-DDT) by a factor of 1 to 19.

The highest concentrations (>0.003 pg/L) were collected at the following stations
during low flow events:

e WO001 (RM 2.0E),

e WO015 (RM 6.9W) on three dates, and

e WO016 (RM 7.2W),

and during the storm water-influenced flow event at stations:

e WO030 (RM 5.5E), and

e WO037 (RM 9.6W).

The highest XAD concentrations were measured in single-point samples collected
during low flow conditions near the middle of the Study Area at RM 6.9 (station W015;
0.00359 to0 0.00766 pg/L) and RM 7.2 (station W016; 0.00124 J to 0.00976 pg/L).
Excluding these higher concentrations, the overall range of observed concentrations
across the Study Area and upstream to RM 16 was fairly consistent. The storm water-
influenced and low flow sample concentrations covered a low range through RM 16 and
11 and increased around RM 7.5, suggesting a potential source or sources in this portion

of the Study Area.

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
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5.4.7  Total PAHs in Surface Water\Water

PAH data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are
summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single point samples are
summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), 5.4-12
through 5.4-15 (low flow events), and 5.4-17 through 5.4-20 (storm water-influenced
events). All PAH surface water samples are presented in Table 5.4-25 by sample event
and sample ID number.

Dissolved and particulate PAH concentrations in surface water XAD columns and
filters and PAH concentrations from the peristaltic pump samples are presented in
stacked bar graphs by flow event in Figures 5.4-24a-c and by river mile/channel
position in Figures 5.4-25a-d.

Figures 5.4-26a-b present a scatter plot of all PAH surface water data. Note the symbols
and colors indicate the sample type—point vs. transect—and the general flow
conditions of the sampling event—Ilow flow, storm water-influenced, or high flow).

PAH concentrations at the transect locations as a function of flow rate are presented in
Figure 5.4-27. The values presented in this figure are averages of all measurements
collected at a particular transect for each measured flow event.

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document

may not reflect LWG positions or the final resolution of the EPA comments.
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Discrepancies:

[This is not necessarily a complete set of discrepancies of the same
nature; they are just those noticed in passing — a complete analysis
for these types of discrepancies has not been performed.]

1. We don’t have any data for WO24 (mile 16) in the database.

2. Map 5.3-1a lists WO38 at mile 9.9 (placing it on the E side of the
river). The database we have lists it at mile 11E.

3. Map 5.3-1a plots WO38 as a green triangle, corresponding to
XAD SP (according to the legend). Our database lists WO38 as
Peristaltic SP.

4. The total PAH measured by XAD (C+F) and Peristaltic are highly
discrepant. For the 61 cases testable in our database, 29 are
discrepant by more than a factor 2 --- i.e. if both are detects (13
cases), the concentrations differ by more than a factor of 2; if one is
a non-detect, the other a detect (16 cases), then the detect exceeds
the DL of the non-detect by a factor more than 2. It is possible some
of this discrepancy may be an artefact of the method of summing
across the multiple PAH (i.e. treatment of non-detects).

5. In view of the discrepancy above, any conclusions based on
trends is suspect.

6. Moreover, the apparent trends downriver seen in the XAD (C+F)
and Peristaltic measurements are different in some cases, so that
conclusions based on one or the other are suspect.

7. the database contains XAD — C, XAD - F, and XAD - C&F, but
the last is not necessarily equal to the sum of the first two, with the
discrepancy larger than can be accounted for by simple rounding of
the data. This discrepancy may be explicable by the methodology
used to sum across PAH (e.g. treatment of non-detects). For this
section the XAD — C&F total has been replaced by the sum of XAD
—Cand XAD - F.
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This discussion evaluates Peristaltic and XAD (C+F) measurements

event may involve taking sample + replicate, and replicates have

5.4.7.1  Total PAH Data | commented [EACC12]:

PAH were analyzed by HRGC/LRMS in 151 of the 162 peristaltic sample events;* 61 together as though equally valid.

SP-NB, 12 SP-NS, 9 SB-VI, 19 T-NB, 19 T-NS, and 31 T-VI samples. High-volume | Commented [EACC13]:

surface water samples (XAD samples) were analyzed by HRGC/HRMS in 68 of the Here, for both counts, “sample” may include replicates -a sample
total 114 XAD sample events; 14 SP-NB, 5 SP-NS, 9 T-NB, 9 T-NS, and 31 T-VI been averaged for the sample count. The sample event count is from
samp les. the (old) Table 5.4-1.

PAH were detected in just over half of the peristaltic samples (88 of 151 samples) with
detection limits for the non-detects ranging from 0.0065 to 0.043 ug/L. PAH were
detected in all the XAD samples (column sample or filter sample or both). The
detection limits in non-detect peristaltic samples were well below the MCL for
benzo(a)pyrene (0.2 ug/L), but intersect the range of RSLs for carcinogenic PAH
(0.0000865 pg/L for 7,12-dimethylbenz(a)anthracene to 0.14 ug/L for naphthalene).
There are no National or Oregon-specific water quality criteria for freshwater aquatic
life for any PAH. The highest detected PAH value of 7.4 pg/L (station W031 at RM
6.1) is well below the Oregon-specific water quality guidance for the only two PAH for
which there is any such guidance (acenaphthene: 520 pg/L, and naphthalene: 620 pg/L).

Detected PAH concentrations are subsequently listed as measured in the peristaltic
samples or calculated as the sum of the dissolved (XAD column) and particulate (XAD

filter) concentrations. /{Formatted: Font color: Blue

1 Sample events could involve replicate samples, and for XAD sampling the column and filter samples together
are counted as one sample. These counts are strictly of sample events, and the values listed here are with
replicates averaged together.
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54.27.135.4.7.2 __ PAH Relationships to Flow RateRate

Detected PAH concentrations in samples collected during low flow conditions ranged
as follows (the station listed is for the maximum):

e SP-NB: 0.0021 J pg/L to 2.5J pg/L (station W012 at RM 6.3W)

e SP-NS: Not sampled

e SP-VI 0.042J pg/L to 0.069J ug/L (station W020 at RM 9.1 (Swan
Island Lagoon))

e T-NB: 0.023J pg/L to 0.1J pg/L (station W027 at RM Multnomah
Channel)

e T-NS: 0.012J pg/L to 0.095J pg/L (station W027 at RM Multnomah
Channel)

e T-VI 0.002J pg/L to 0.099J ug/L (station WO11 at RM 6.3)

PAH concentrations in samples collected during storm water-influenced flow conditions
ranged as follows (the station listed is for the maximum):

e SP-NB: 0.0066 J pg/L to 0.098 J pg/L (Station W029 at RM 4.4W)
e SP-NS: 0.0046 J pg/L to 0.1 J pg/L (Station W029 at RM 4.4W)
e SP-VI: Not sampled

e T-NB: 0.0124 J pug/L to 0.12 J pg/L (Station W033 at RM 7.0W)

e T-NS: 0.00929 J pg/L to 0.097 J pg/L (Station W033 at RM 7.0W)

e T-VI. 0.004Jpg/Lto 0.098 J ug/L (Station W025 at RM 2W)

PAH concentrations in samples collected during high flow conditions ranged as follows
(the station listed is for the maximum):

e SP-NB: 0.0053 J pg/L to 0.081 J pg/L (Station WO036 at RM 8.6W)

e SP-NS: 0.0037 J pg/L to 0.31 J pg/L (Station WO36 at RM 8.6W)

e SP-VI: Not sampled

e T-NB: 0.0046 J pug/L to 7.4 pg/L (Station W031 at RM 6.1W)

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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This discussion is based on the Figures cited, which are or appear to
be based on XAD (C+F) data only. Some of the trends are
contradicted by the Peristaltic data.
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e T-NS: 0.0045J pg/L to 0.16 J ug/L (Station W035 at RM 8.5 (Swan Island
Lagoon))

e T-VI. 0.00087J ug/L to 0.082J pug/L (Station W023 at RM 11M)

PAH concentrations were generally higher in low flow samples as compared to the high
flow and storm water-influenced flow samples, suggesting that inflow concentrations at

high flow rates overwhelm local effects and PAH concentrations (Figure 5.4-24a-C). | Commented [EACC15]: _

The transect samples (Figure 5.4-27) suggest that there is a source of PAHs in the e
Downtown Reach (between RM 11 and RM 16), since all but the storm water events should require T-VI data. But Figure 5.3-87 shows data points at
show the concentrations at the RM 11 transect greater than RM 16 transect. During e Sl e e R T e S
three of the four low flow sampling events (November 2004, July 2005, and September e N e

2006), one high flow event (January 2006) and the storm water event (November 2006), We do not have data for RM16. This is WO24, which has

there is some indication that sources of PAH are located between RM 11 and RM 6. gpparentlyjbeenifiterediontofitheldataseBWelarelising:
However, the March 2005 low flow event did not show this same trend. Two of the low

flow events (July 2005 and September 2006) indicate that there is also a source between

RM 6 and RM 4, and this is also indicated by a high flow event (February 2007) and the

storm water event (November 2006).

5.4.7.3 PAH Spatial [Distribution\ { Commented [EACC17]: This section is based on the combined }

. R Peristalti d XAD (C data.
Six of the sample concentrations for PAH exceeded the MCL for benzo(a)pyrené (0.2 eristalfc an (6+P) cata

\ .
" . i Commented [EACC18]: 40CFR141 lists only benzo(a)pyrene
pa/L). These were recorded at the following stations: as having an MCL, but the appearance of a bracketed (PAH or

PAHS) in the Appendices to subparts O and Q suggest that there may

e WO31 (RM 6.1W) 7.4 ug/L (February 2007, high flow) ey O A= GBS
ot (R 8 25 Ll 2005 Tou loun \{ IFr?dremnta;ttc:ecll:"Buneted + Level: 1 + Aligned at: 0.75" + }

e WOI12 (RM 6.3W) 1.3 pg/L (November 2004, low flow)

e WO21 (RM 8.7 in Swan Island Lagoon) 0.31 pg/L (July 2005, low flow)

e WO36 (RM 8.6W) 0.31 pg/L (February 2007, high flow)

e WOI15 (RM 6.9W) 0.234 ug/L (July 2005, low flow)

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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All but the last of these were measured in Persistaltic samples. The first three appear to

be distinct outliers on the distribution of Peristaltic samples. All detected samples, and { Commented [EACC19]: A formal test would be difficult,
all the detection limits for non-detect samples, exceed the lowest RSL for any PAH fecatssloftiemanyondeects)

(0.000086 ug/L for 7,12-dimethylbenze(a)anthracene); and 127 (of 219) samples
exceed the RSL (0.029 ug/L) for the prototypical PAH benzo(a)pyrene, with a further
two non-detects exceeding this value. Compared with the ODEQ criterion for human
health for the carcinogenic PAH (0.0013 ug/L) or the NRWQC for human health for
carcinogenic PAH (0.0038 pg/L),* all 156 detected samples exceeded and 63 were
non-detects with detection limits exceeding; no sample was measured at a lower
concentration.

All measured concentrations are below the two PAH NRWQC for freshwater aquatic
life (acenaphthene: 520 ug/L, and naphthalene: 620 pg/L). ODEQ has no criteria for
PAH for freshwater aquatic life.

2 Neither the ODEQ criteria or the NRWQC address naphthalene.
This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
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5.4.8 BEHP in Surface Water

BEHP data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are
summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples are
summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), Tables

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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5.4-12 through 5-4.14 (low flow events), and 5.4-17 through 5.4-20 (storm water-
influenced events). All BEHP surface water sample results are presented in Table 5.4-
26 by sample event and sample ID number.

Dissolved and particulate BEHP concentrations in surface water XAD columns and
filters and BEHP concentrations from the peristaltic pumps are presented in stacked bar
graphs by flow event and by river mile/channel position on Figures 5.4-28a-c and 5.4-

29a-b, respectively.

Figure 5.4-30 presents a scatter plot of all BEHP surface water data. Note the symbols
and colors indicate the sample type—point vs. transect—and the general flow
conditions of the sampling event—Ilow flow, storm water-influenced, or high flow.

BEHP concentrations at the transect locations as a function of flow rate are presented on<——{ Formatted: Body Text, Tab stops: 0.5", Left

Figure 5.4-31. The data points presented in this figure are averages of all data points
collected at a particular transect for each measured flow event.

5.4.8.1 BEHP Data <’—’[ Formatted: Heading 4
BEHP was analyzed by EPA methods 8270C or 525.2 in all of the total 163 peristaltic Commented [RRL20]: Based on samples on the BEHP page of
samples collected; 66 SP-NB samples, 12 SP-NS samples, nine SP-VI samples, 22 T- ﬂ,‘g2§°m°$§§rlﬁnﬁxgggadéﬂii‘kf{fe S e i el
NB samples, 22 T-NS samples, and 32 T-VI samples. BEHP was analyzed in high- the spreadsheet (11 in the spreadsheet, 9.9 on the accompanying
volume surface water samples (XAD samples) by JAXYS Method MLA-027 Rev 0] in e

24 of the total 123 XAD samples collected; 15 SP-NB samples and nine T-VI samples. \[Commemed TRRLZ1]: What type of analysis s Tis?

BEHP was not detected in the majority of the peristaltic samples (148 of 163 samples)
with detection limits ranging from 0.098 to 4.1 pg/L, which are less than the MCL (6
ug/L). All but one of the detection limits are also less than the selected TRV from the
BERA (the Tier Il Secondary Chronic Value; 3.0 pg/L).

Detections of BEHP were limited to 15 samples collected during the Round 3A
sampling event at the following stations:

e WAO005 (T-NS and T-NB; RM 3.9),

e WO11 (T-NB; RM 6.3),

e WO023 (T-VI; RM 11M),

e WO024 (T-NB; RM 16),

e WO025 (T-VI; RM 2E and 2W),

e WO027 (T-NB; Multnomah Channel),

e WO029 (SP-NB; RM 4.4W),

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
5.4-57



Working File Copy Not Approved by EPA. Do not cite. Portland Harbor RI/FS
Draft Final Remedial Investigation Report
August 29, 2011

e WO032 (SP-NB; RM 6.9E),

e WO033 (T-NS; RM 7.0W), and

e WO036 (SP-NS; RM 8.6W).

Detected BEHP concentrations in peristaltic samples ranged from 0.7 pg/L t0 6.8 J
ug/L. During low flow conditions, BEHP was detected in four samples at
concentrations ranging from 0.7 ug/L to 1.5 pg/L (T-VI sample; station W025 at RM
2E). During storm water-influenced flow conditions, BEHP was detected in one T-NB
sample at a concentration of 6.8 J pg/L (station WO005 at RM 3.9). During high flow
conditions, BEHP was detected in 10 samples at concentrations ranging from 0.98 J
ug/L to 3.5 J pg/L (SP-NB sample; station W032 at RM 6.9E).

BEHP concentrations, calculated as the sum of the dissolved (XAD column) and
particulate (XAD filter) concentrations, were detected in nine of 24 samples, all
collected during low flow conditions. BEHP concentrations in these samples ranged as
follows:

e SP-NB: 0.0078 J nug/L to 0.033 ug/L (station W015 at RM 6.9W);

e T-VI 0.0091 J pg/L to 0.023 J pg/L (station WO23E at RM 11); and
e SP-NS, SP-VI, T-NS, T-NB: No detects. %”‘{ Formatted: Body Text, Bulleted + Level: 1 + Aligned at: }
0.75" + Indent at: 1", Tab stops: 1", Left + 1.81", Left
5.4.8.2 BEHP Relationship to Flow Rate </——[ Formatted: Heading 4, Indent: Hanging: 0.57" ]

Detected BEHP concentrations and frequencies were relatively consistent regardless of
flow rate. The frequency of detection was 5% for low flow event peristaltic sampling
results; 24% for high flow event peristaltic sampling results; 3% for storm water flow
peristaltic sampling events, and 38% for low flow event XAD sampling results.

Detected BEHP concentrations in low flow peristaltic samples ranged from 0.7 to 1.5
ug/L (station W025 at RM 2E) in September 2006. Detected BEHP concentrations in
high flow peristaltic samples ranged from 0.98 J to 3.5 J pg/L (station W032 at RM
6.9E) in February 2007. BEHP was detected in only one of 37 storm water-influenced
flow samples at a concentration of 6.8 J pg/L (station W005 at RM 3.9) in November
2006.

Detected BEHP concentrations in low flow XAD samples ranged from 0.0078 J pg/L to
0.033 pg/L (station WQ15 at RM 6.9W).

5.4.8.3 BEHP Spatial Distribution </——[ Formatted: Heading 4, Indent: Hanging: 0.57" ]
One sample result exceeds the MCL for BEHP (6 ug/L). Detected concentrations from
two sample stations exceeded the TRV from the BERA (3.0 pg/L): WO005 (RM 3.9) and
W032 (RM 6.9E).
This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
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The highest concentrations (>3 ug/L) were collected at the following stations:

e WO005 (RM 3.9),

e WO032 (RM 6.9E).

The next highest concentrations (>1.5 pg/L but <3 pg/L) were collected at the following
stations during high flow conditions:

e WO036 (RM 8.6W),

e WO011 (RM 6.3),

e W024 (RM 16),

e WO029 (RM 4.4W), and

e WO025 (RM 2E).

5.4.9 Total Chlordanes in Surface Water

Total chlordanes data are summarized in Tables 5.4-5 through 5.4-20. Transect samples
are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples
are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), 5.4-12
through 5.4-15 (low flow events), and Tables 5.4-17 through 5.4-20 (storm water-
influenced events). All chlordanes surface water sample results are presented in Table
5.4-27 by sample event and sample ID number.

Total chlordanes concentrations in surface water XAD columns and filters as well as
concentrations from the peristaltic pumps are presented in stacked bar graphs by flow
low flow, storm water-influenced, or high flow events and by river mile/channel
position on Figures 5.4-32a-c and 5.4-33a-c, respectively.

Figure 5.4-34 presents a scatter plot of total chlordane surface water data. Note the
symbols and colors indicate the sample type—point vs. transect—and the general flow
conditions of the sampling event—Ilow flow, storm water-influenced, or high flow).

Total chlordane concentrations at the transect locations as a function of flow rate is
presented on Figure 5.4-35. The data points presented in this figure are averages of all
data points collected at a particular transect for each measured flow event.

5.4.9.1 Total Chlordanes Data
Total chlordanes were analyzed by EPA Method 8081A for all of the 78 peristaltic
samples collected. High-volume surface water samples (XAD samples) were analyzed
for total chlordanes by the AXYS method for pesticides for each of the 76 XAD
samples collected.

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
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Chlordanes were not detected in the majority of the peristaltic samples (74 of 78 «—{ Formatted: Body Text, Tab stops: 05", Left

nondetect samples) with total chlordane concentrations ranging from 0.0010 pg/L to
0.0029 pg/L and detection limits for undetected results ranging from 0.0024 to 0.00047
uo/L. Total chlordanes were identified in each of the 76 XAD samples, with detected
concentrations ranging from 0.000014 ug/L to 0.00024 ug/L. All of these detected and
undetected results are below the acute (2.4 ug/L) and chronic (0.0043 ug/L) Oregon
water quality criteria for aquatic life as well as the MCL (2 pg/L). All of the peristaltic
detected and undetected results are greater than the Oregon water quality criterion for
human health (0.000081 pg/L) that is protective of drinking water plus the consumption
of organisms. The majority of 76 XAD samples are less than this criterion; only five
sample results exceed the criterion, with concentrations ranging from 0.000083 pg/L to
0.00024 ug/L. These results suggest that the XAD samples analyzed using the AXYS
method for pesticides achieved sufficiently low detection limits to determine that total
chlordanes are below applicable human health and ecological criteria in the majority of
samples and there does not appear to be total chlordanes source areas of contamination.

5.4.9.2 Total Chlordanes Relationship to Flow Rate

Detected total chlordanes concentrations were relatively consistent, with concentrations
slightly higher during high flow conditions. Of the four peristaltic sample results that
exceed the lowest AWQC human health criterion (0.000081 pg/L), one was from the
low flow event conducted during July 2005 and three were from the high flow event
conducted in March 2007. Of the five XAD sample results that exceed the criterion, one
is from a low flow event conducted in November 2004 and four are from the high flow
events conducted in February and March 2007. All storm water-influenced results are
less than applicable human health and ecological criteria.

There were no peristaltic transect samples collected during low flow events. There was
one detection out of 50 samples for single-point peristaltic samples collected during low
flow events. XAD single-point sample concentrations ranged from 0.000017 to a
maximum of 0.00024 ug/L during July 2005 and transect sample concentrations ranged
from 0.000014 to 0.000063 ug/L.

There were no peristaltic transect samples collected during high flow events. Single-
point peristaltic sample concentrations ranged from 0.0010 pg/L to a maximum of
0.0015 pg/L during the high flow event conducted in March 2007. XAD single-point
sample concentrations ranged from 0.000047 pg/L to a maximum concentration of
0.000083 pg/L and transect sample concentrations ranged from 0.000033 pg/L to a
maximum of 0.000095 pg/L during the high flow event conducted in March 2007.

All peristaltic single-point and transect sample results were undetected during the storm
water-influenced event conducted in November 2006. XAD single-point sample
concentrations ranged from 0.000021 to 0.000049 ug/L. XAD transect sample
concentrations ranged from 0.000024 to 0.000045 pg/L.

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
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5.4.9.3 Total Chlordanes Spatial Distribution

None of the sample results exceed the 2 pug/L drinking water MCL for total chlordanes,
or the ODEQ ecological acute (2.4 pg/L) or chronic (0.0043 ug/L) criteria for the
protection of aquatic life. Each of the four detected concentrations from peristaltic
samples exceed the AWQC for human health (0.000081 ug/L). Detection limits were
higher for the peristalitic samples than the XAD samples. The samples with
concentrations greater than the human health criterion were collected at the following
stations:

e WO002 (RM 2.2W),

e WO029 4.4W, and

e WO0305.5E, NS and NB.

The sample from station W002 was collected during the low flow event conducted in
July 2005 and the samples from stations W029 and W030 were collected during the
high flow event conducted in March 2007.

Lower detection limits were achieved for the XAD samples. Total chlordanes were
detected in each of the 76 XAD samples with concentrations in five samples slightly
exceeding the AWQC for human health (0.000081 pg/L). The samples were collected at
the following stations:

e WO005 (RM 3.9) (two samples),

e WO015 (RM 6.9W),

e WO023E (RM 11E) and

e WO031 (RM 6.1W),

5:4-24—The sample from station W015 was collected during low flow conditions in «—{ Formatted: Indent: Left: -0.19", Tab stops: 05", Left

November 2004; the samples from stations W015 and W023 were collected
during high flow conditions in March 2007. The sample from station W031 was
collected during high flow conditions in February 2007. The low detection limits
for the XAD samples and the low frequency of exceedance of the human health

/{ Formatted: Font: Not Bold, English (United States)
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5.4.10 Fhetetalchlardanes-dissehed-cencentrationswere-greate—than-the <f{ Formatted: Indent: Hanging: 0.5"

generally-higher-Aldrin In Surface Water | commented [EACC22]: Discrepancies
. . ] . 1. The database has 4 WO13 entries, 3 listed at RM 6.7, one at 6.9E.
Aldrin data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are Two of those listed at 6.7 are given as SP-NB-1 XAD and SP-NB-2
" " - . XAD, one as SP-NB-2 Peristaltic, and the one at 6.9E as Peristaltic
summar!zed by flow event in Tables 5.4-6, 5.4-11, and 5.4-1_6. Single point samples are SP-NB-1. Map 5.3-1a lists/plots WO13 at 6.9E, but as XAD SP.
summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow samples), Tables For this evaluation the 4 entries are treated as distinct (although they

could be pairwise replicates).

5.4-12 through 5.4-15 (low flow events), and Tables 5.4-17 through 5.4-20 (storm
water-influenced events). All aldrin surface water sample results are presented in Table
5.4-28 by sample event and sample 1D number.

Dissolved and particulate aldrin concentrations in surface water XAD columns and
filters and aldrin concentrations from the peristaltic pumps are presented in stacked bar
graphs by flow event type on Figures 5.4-36a-c and by river mile/channel position on

Figures 5.4-37a-b.

Figure 5.4-38 presents a scatter plot of all aldrin surface water data. Note the symbols
and colors indicate the sample type—point vs. transect—and the general flow
conditions of the sampling event—Ilow flow, storm water-influenced, or high flow).

Aldrin concentrations at the transect locations as a function of flow rate is presented on
Figures 5.4-39. The data points presented in this figure are averages of all data points
collected at a particular transect for each measured flow event.

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
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5.4.10.1 Aldrin Data </——[ Formatted: Heading 5, Indent: Left: 0.5" ]
Aldrin was measured by EPA method 8081A in [79 of the total 162 peristaltic sample /,,,/{Commented [EACC23]: }
events;'® 54 SP-NB, 10 SP-NS, 9 SB-VI, 2 T-NB, and 4 T-NS samples. High-volume | Butsee Discrepancy comment 1 ahove.
surface water samples (XAD samples) were analyzed by HRGC/HRMS in 88 of the ﬁgg'};’fg;;dcgﬁftfcfaﬂple P —
total 123 XAD samples collected; 24 SP-NB, 9 SP-NS, 12 T-NB, 12 T-NS, and 31 T-VI event may involve taking sample + replicate, and replicates have
samples. been averaged for the sample count. The sample event count is from

the (old) Table 5.4-1.

Aldrin was not detected in all but one of the peristaltic samples, with detection limits
ranging from 0.000057 to 0.0058 ug/L; all but 4 of these detection limits were less than
0.001 pg/L. The single detect was a SP-NB measurement of 0.0052 pg/L at WO30 (RM
5.5E) during high flow. Since this was 319 times the highest detect in the XAD data
(discussed below), and the non-detect SP-NS sample at the same location and time had
the (higher) detection level of 0.0058 ug/L, this detection must be considered suspect.
For comparison, the ODEQ water quality criterion for human health is 0.000005 pg/L,
although there are no chronic water quality criteria for agquatic life and all measurements
and detection limits were far below the acute criterion for aquatic life of 3.0 pug/L
(ODEQ and NRWQC).

5.4.33 Aldrin concentrations, calculated as the sum of the dissolved (XAD column) and+——{ Formatted: Normal, Indent: Left: 0.5", Space After: 12pt )
particulate (XAD filter) concentrations,** were detected in 76 of the 88 samples, with
detection limits in the non-detects ranging from 0.000000613 to 0.0000186 ug/L.

5.4.10.2 Aldrin Relationship to Flow Rate ‘/——{Formatted: Heading 4, Indent: Left: 0.44", Hanging: 0.06",}

. . . . . Tab : 0.5" Left
Detected aldrin concentrations in samples collected during low-flow conditions ranged ab stops ¢
as follows (the station listed is for the maximum):

e SP-NB: 0.00000031 J pg/L to 0.0000163 J pg/L (station WO15 at RM
6.9W

e SP-NS: Not sampled

e SP-VI: Not sampled

e T-NB: 0.00000439 J pg/L to 0.00000662 J pg/L (station WO005 at RM
3.9)

e T-NS: 0.000001791 J pg/L to 0.0000046 J pg/L (station WO027 at

Multnomah Channel)

13 Sample events could involve replicate samples, and for XAD sampling the column and filter samples together
are counted as one sample. These counts are strictly of sample events, and the values listed here are with
replicates averaged together.

4 Non-detects in either column or filter were treated as zero concentrations in this sum, but the detection limit
when both column and filter were non-detect was set to the sum of the detection limits in column and filter.
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T-VI: 0.000000296 J pg/L to 0.00000409 J pg/L (station W025 at RM

2E)

Detected aldrin concentrations in samples collected during storm water-influenced flow

conditions ranged as follows (the station listed is for the maximum):

SP-NB: 0.00000141 J pg/L to 0.00000366 J pg/L (station WO031 at RM

SP-NS: 0.000000635 J pg/L to 0.00000484 J pg/L (station W033 at RM

SP-VI: Not sampled

T-NB: 0.00000201 J pg/L to 0.00000575 J pg/L (station W027 at

Multnomah Channel)

T-NS: 0.00000204 J pg/L to 0.00000263 J pg/L (station W027 at

Multnomah Channel)

T-VI: 0.0000011 J pg/L to 0.00000326 J pg/L (station W025 at RM 2W)

Detected aldrin concentrations in samples collected during high flow conditions ranged

as follows (the station listed is for the maximum):

SP-NB: 0.000000514 J pg/L to 0.00000301 J pg/L (station WO030 at RM

5.5E)
SP-NS: 0.00000245 J pg/L to 0.00000352 J pg/L (station W035 at RM 8.5

in Swan Island Lagoon)

e SP-VI: Not sampled

e T-NB: 0.00000281J pg/L to 0.00000475 J pg/L (station WO027 at
Multnomah Channel)

e T-NS: 0.00000257 J pg/L to 0.000004 J pg/L (station W005 at RM 3.9)

e T-VI 0.00000124 J pg/L to 0.00000599 J /L (station WO025 at RM
2M)

Average aldrin concentrations were slightly lower in the low flow than in the high flow

XAD samples. The aldrin concentrations in the storm water-influenced samples may

have been higher or lower than either — the proportion of non-detect samples and their

detection limits results in ambiguity.

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
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Concentration trends along the river were examined by using T-VI XAD samples, either«——{ Formatted: Body Text, Tab stops: 0.5", Left ]
single samples (November 2004, March 2005, July 2005, January 2006, January 2007,

March 2007) or averages of East, West, and Middle samples (September 2006,

November [2006). Low flow samples are consistent in showing a decreasing
concentration trend between RM 6 and 1 in the three events with suitable samples

(November 2004, March 2005, July 2005), consistent with no sources in this range.

The high flow event of January 2006 and the storm water event of November 2006

indicate an increasing concentration between RM 3 and RM 1, suggesting sources

within that range, although interpretation of the storm water event is ambiguous because

of non-detects. One low flow event (September 2006) and one high flow event

(January 2007) showed an increase in concentration between RM 11 and RM 2,

suggesting sources within that range, while a second high flow event (March 2007)

showed a decrease in concentration.

Commented [EACC25]: There is currently no graph of these
transect samples in” 2011-08-29_DF RI_Sec5.3_Figures.pdf”.
There is a graphic in the accompanying workbook that shows these
trends.

5.4.10.2 Aldrin Spatial Distribution Formatted: (none) ]
There is no MCL for aldrin. All (XAD and peristaltic) sample detections and detection $§£’2@§§d0";‘fe"ﬁe#€ﬁ 0-31", No bullets or numbering, J
limits for non-detects were below the RSL for tapwater (0.004 ug/L), except for the one :

peristaltic detect and detection limit discussed above. Five XAD samples exceeded the

ODEQ criterion for human health (water + organisms) of 0.000005 pg/L:

e WO011 (RM 6.3 T-NB)

e WO027 (Multnomah Channel T-NB)

e WO025 (RM2M T-VI)

e WO005 (RM 3.9 T-NB)

e WO015 (RM 6.9W SP-NB)

and none of the XAD samples exceeded the NRWQC of 0.000049 ug/L.

The highest XAD concentration measurement of 0.0000163 pg/L was in a SP-NB
measurement at W015 (RM 6.9W) but the nearest available measurements in W032 and
W033 and downriver in WO011 do not suggest a source area.

5.4.11 Dieldrin in Surface Water

Dieldrin data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are
summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples are
summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), Tables
5.4-12 through 5.4.15 (low flow events), and Tables 5.4-17 through 5.4-20 (storm
water-influenced events). All dieldrin surface water sample results are presented in
Table 5.4-29 by sample event and sample ID number.

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
5.4-66



Working File Copy Not Approved by EPA. Do not cite. Portland Harbor RI/FS
Draft Final Remedial Investigation Report
August 29, 2011

Dieldrin concentrations in surface water XAD columns and filters and dieldrin
concentrations from the peristaltic pumps are presented in stacked bar graphs by flow
event and by river mile/channel position on Figures 5.4-40a-c and 5.4-41a-b.

Figure 5.4-42 presents a scatter plot of all dieldrin surface water data. Note the symbols
and colors indicate the sample type—point vs. transect—and the general flow
conditions of the sampling event—Ilow flow, storm water-influenced, or high flow).

Dieldrin concentrations at the transect locations as a function of flow rate is presented
on Figure 5.4-43. The data points presented in this figure are averages of all data points
collected at a particular transect for each measured flow event.

5.4.11.1 Dieldrin Data

Dieldrin was analyzed by EPA method 8081 and 8081A for the 79 peristaltic samples
and by AXYS method for pesticides for the 88 XAD samples. Dieldrin was detected in
only 3 of 79 (3.8%) of the peristaltic samples. Dieldrin was detected in all 88 XAD

samples.

The range of detected concentrations in the 3 SP-NB peristaltic samples in which
dieldrin was detected was 0.0010 to 0.0012 pg/L (W036, RM 8.6, February 2007) and
W028, RM 3.6E, March 2007).

Dieldrin concentrations, calculated as the sum of the XAD column and XAD filter
concentrations, ranged from 0.0000167 to 0.000384 ug/L. The range of dieldrin
concentrations measured under all flow conditions, by XAD sample type, are presented
below.

e SP-NB:  0.0000227 to 0.0001362 J pg/L

e SP-NS: 0.0000319 J to 0.0001298 J ng/L

e T-NB: 0.0000306 J to 0.0001577 pag/L

e T-NS: 0.00000322 J t0 0.0001593 J pg/L

e T-VI 0.00001673 J to 0.0003837 J ug/L ‘——/{ Formatted: Body Text, Bulleted + Level: 1 + Aligned at: }
0.75" + Indent at: 1", Tab stops: 1", Left + 1.81", Left
5.4.11.2 Dieldrin Relationships to Flow Rate </—‘[Formatted: Indent: Hanging: 0.57" ]

Where detected, dieldrin concentrations were relatively consistent in both low flow and
high flow samples, and were also relatively similar across sample types. The range of
dieldrin concentrations by XAD sample type are presented below.

Low Flow XAD (combined column + filter)

e SP-NB: 0.0000227 to 0.0000625 pg/L (WO015 at RM 6.9W, November 2004)
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e SP-NS: Not Sampled

e T-NB: 0.00003481 J to 0.00004866 J pg/L (WO005 at RM 3.5, September
2006)

e T-NS: 0.0000353 J to 0.00004703 J pg/L (WO005 at RM 3.5, September
2006)

e T-VI 0.00001673 J to 0.00004615 J pg/L (W023 at RM 11, September
2006)

High Flow XAD (combined column + filter)

e SP-NB: 0.0001096 J to 0.0001362 J pug/L (WO031 at RM 6.1W, February
2007)

e SP-NS: 0.0001085 J to 0.0001298 J ug/L (WO031 at RM 6.1W, February
2007

E

e T-NB: ND to 0.0001577 pg/L (W027 at Multnomah Channel , February
2007)

e T-NS: ND to 0.0001593 J pg/L (WO005 at RM 3.9, March 2007)

o T-VI 0.000051 to 0.000384 pg/L (WO005 at RM 3.9, January 2006)

Storm Event XAD (combined column + filter)

w

P-NB: 0.00003617 J to 0.00005005 J pg/L (W031 at RM 6.1W, November

N
o
o
(=})

[ ]
B(D
S
S|z

I

0.0000319 J to 0.0000498 J pg/L (WO031 at RM 6.1, November

°
n
Z
[os)

0.0000306 J to 0.00004815 J pg/L (W024 at RM 16, November

[ )
ol
z 8

0.0000322 J t0 0.00005367 J pg/L (W024 at RM 16, November

N
o
o
=2}

o T-VI 0.0000251 J to 0.0000387 J pg/L (W023 at RM 11, November
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5.4.11.3 Dieldrin Spatial Distribution +—{ Formatted: Indent: Hanging: 057"

Several of the surface water samples analyzed for dieldrin exceeded the human health
NRWQC value developed to be protective of drinking water and consumption of
organisms (0.000052 pg/L, based on carcinogenic risk of 10-6). Most of the
exceedances were found in high flow XAD samples collected from January 2007 to
March 2007, with no apparent pattern of higher concentrations linked to specific
sampling locations. One low flow XAD sample (W015, RM 6.9W, November 2004)
exceeded this human health threshold. Storm water-influenced flow results approached
this human health criterion in several samples and exceeded the criterion in one sample
collected in November 2006 (W024 at RM 16). One low flow XAD sample (W015 at
RM 6.9W, November 2004) exceeded this human health threshold. No sample result
exceeded the dieldrin chronic NRWQC for protection of aquatic life (0.056 pg/L).
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5.4.12 The-dieldrin-dissolved-concentrations-were-much-greater-than-the «—{ Formatted: Indent: Hanging: 05"

particulate values (typically on the order of 90 percent of the total

! e .
existingrange-of sampling-events—Arsenic in Surface Water

Arsenic data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are
summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples are
summarized by flow event in Tables 5.4-7 through 5.5-10 (high flow events), Tables
5.4-12 through 5.4-15 (low flow events), and Tables 5.4-17 through 5.4-20 (storm
water-influenced events). All total and dissolved arsenic surface water sample results
are presented in Tables 5.4-30 and 5.4-31, respectively, by sample event and sample ID
number. Dissolved and particulate arsenic concentrations in surface water collected
from peristaltic pumps are presented in stacked bar graphs by flow event on Figures
5.4-44a-c and by river mile/channel position on Figure 5.4-45.

Figure 5.4-46 presents a scatter plot of all arsenic surface water data. Note the symbols
and colors indicate the sample type—point vs. transect—and the general flow
conditions of the sampling event—Ilow flow, storm water-influenced, or high flow).

Arsenic concentrations at the transect locations as a function of flow rate are presented
on Figure 5.4-47. The data points presented in this figure are averages of all data points
collected at a particular transect for each measured flow event.

5.4.12.1 Arsenic Data

Peristaltic samples were collected and analyzed by EPA Method 6020 for total and
dissolved arsenic during Rounds 2A and 3A. Arsenic was detected in 78 percent of the
174 dissolved samples and 90 percent of 174 total samples during the Round 2A and 3A

sampling events.

Total arsenic concentrations were generally consistent across the entire Study Area < { Formatted: Indent: Left: 0.5"

during the Round 2A and 3A sampling events. The overall range of detected
concentrations for all total arsenic samples was narrow, ranging from 0.25 to 0.75 pg/L
suggesting that there are no specific source areas for arsenic contamination.

5.4.12.2 Arsenic Relationship to Flow Rate

Detected arsenic concentrations were relatively consistent regardless of flow rate;
however, frequency of detection was significantly reduced during storm water-
influenced events. The frequency of detection was 100% for total arsenic and 98% for
dissolved arsenic for all combined low flow and high flow sampling event sample

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
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results. The frequency of detection was 58% for total arsenic and 13% for dissolved
arsenic for the storm water-influenced samples.

While concentrations were relatively consistent, in general, concentrations were slightly
higher in low flow sampling events with concentrations ranging from 0.33 to 0.75 pg/L
compared to high flow sampling events with concentrations ranging from 0.25 to 0.63
ug/L. Thirty-nine storm water-influenced samples displayed a narrow range of
detections between 0.43 to 0.53 pg/L. Dissolved and particulate arsenic concentrations
in surface water are depicted in histograms by flow event type on Figures 5.4-44a-c for
high flow, low flow and storm water-influenced events.

Total arsenic measured in single-point samples collected during low flow conditions
ranged from 0.33 pg/L to 0.75 pg/L at station W001 (RM 2.0E in July 2005).

Dissolved arsenic measured in single-point samples collected during low flow
conditions ranged from 0.25 pg/L to 0.64 ug/L at station W001 (RM 2.0E in July 2005).
Total arsenic concentrations in transect samples measured during low flow events
ranged from 0.35 to 0.64 pg/L (station W025 at RM 2.0E in September 2006).
Dissolved arsenic concentrations in transect samples measured during low flow events
ranged from 0.19 to 0.60 pg/L (station W025 at RM 2.0M in September 2006).

Total arsenic measured in single-point samples collected during high flow conditions in
February 2007 ranged from 0.30 pg/L to 0.63 J pg/L at station W034 (NS; RM 7.5).
Dissolved arsenic measured in single-point samples collected during high flow
conditions ranged from 0.19 J pg/L to 0.63 J pug/L in February 2007 at station W037
(NB; RM 9.6W). Total arsenic concentrations measured in transect samples during
high flow ranged from 0.25 to 0.54 pg/L at station W005 (RM 4) and station W023
(RM 6.3), in January 2006. Dissolved arsenic concentrations measured in transect
samples during high flow ranged from 0.20 to 0.34 ug/L at station W034 (NS; RM
7.5W) in February 2007.

Total arsenic measured in single-point samples collected during the November ‘/_‘[Formatted: Body Text

2006 storm water-influenced event ranged from 0.43 J pg/L to 0.53 J pg/L at station
W038 (NB; RM 11). Dissolved arsenic measured in single-point samples ranged from
0.38 J pg/L to 0.48 ug/L at station W038 (NB; RM 11E). Total arsenic concentrations
measured in transect samples during this event ranged from undetected to 0.48 J pg/L at
station W005 (NB; RM 4). Dissolved arsenic concentrations measured in transect
samples collected during this event ranged from undetected to 0.41 J ug/L at station
W034 (NB; RM 7.5W).

5.4.12.3 Arsenic Spatial Distribution ‘/—‘[Formatted: Indent: Hanging: 0.57"

Al of the total and dissolved arsenic surface water results were less than the ~ «—{ Formatted: Body Text

drinking water MCL of 10 pg/L and the chronic NRWQC of 150 ug/L for the
protection of aquatic life. Conversely, all of the total and dissolved arsenic
concentrations exceeded the human health NRWQC value of 0.018 pg/L developed to
be protective of drinking water and consumption of organisms. All detected and
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undetected concentrations were at least an order of magnitude higher, with the
minimum detected dissolved concentration of 0.18 pg/L and the lowest undetected
reporting limit of 0.37 pg/L.

<’——[ Formatted: Indent: Left: -0.19", Hanging: 0.5"

54510 Arsenic-in-Surface Water ‘/—‘[Formatted: Indent: Hanging: 0.5"

Chromium in Surface Water

Data for chromium in surface water are summarized in Tables 5.4-5 through 5.4-20.
Transect samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16.
Single-point samples are summarized by flow event in Tables 5.4-7 through 5.4-10
(high flow events), 5.4-12 through 5.4-15 (low flow events), and 5.4-17 through 5.4-20
(storm water-influenced events). All total and dissolved chromium surface water sample
results are presented in Tables 5.4-32 and 5.4-33, respectively, by sample event and
sample ID number.

Dissolved and particulate chromium concentrations in surface water collected from
peristaltic pumps are presented in stacked bar graphs by flow event on Figures 5.4-48a-c
and by river mile/channel position on Figure 5.4-49. Figure 5.4-50 is a scatter plot of
chromium concentrations in surface water by river mile (RM 2-16). The symbols and
colors indicate the sample type—point vs. transect—and the general flow conditions of

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
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the sampling event—Ilow flow, storm water-influenced, or high flow). Finally, Figure
5.4-51 is a line plot of transect chromium concentrations in surface water by river mile
(RM 2-16). The data points presented in this figure are averages of all data points
collected at a particular transect for each measured flow event.

5.4.13.1 Chromium Data

Peristaltic samples were collected and analyzed by EPA Method 6020 for total and
dissolved chromium during Rounds 2A and 3A. Chromium was detected in 34 percent of
dissolved samples and 63 percent of total samples during the Round 2A and 3A sampling
events.

Total chromium concentrations were generally consistent across the entire Study Area
during the Round 2A and 3A sampling events. The overall range of detected
concentrations for all total chromium samples was 0.2 to 1.92 pg/L. The range of
detected concentrations of dissolved chromium was narrower, ranging from 0.1 to 0.83
uo/L.

5.4.13.2 Chromium Relationship to Flow Rate

In general, chromium concentrations were slightly lower in samples collected during low
flow sampling events with concentrations of total chromium ranging from 0.2 to0 0.91
uo/L compared to results from high flow sampling events where total chromium
concentrations ranged from 0.58 to 1.92 pg/L. Dissolved chromium concentrations were
generally lower in low flow samples. Dissolved chromium concentrations ranged from
0.43 t0 0.83 pg/L in high flow samples and from 0.1 to 0.33 pg/L in low flow samples.

Thirty-nine storm water-influenced samples were analyzed for total and dissolved
chromium. Neither total chromium nor dissolved chromium was detected in any of those

samples.

Total chromium measured in single-point samples collected during low flow conditions
ranged from 0.2 pg/L to 0.91 pg/L at station W004 (RM 3.7E) in March 2005.
Concentrations of total chromium in transect samples measured during low flow events
ranged from 0.29 to 0.61 pg/L at station W023 (RM 11) in March 2005.

Dissolved chromium measured in single-point samples collected during low flow
conditions ranged from 0.1 pg/L to 0.33 pg/L at station W004 (RM 3.7E) in March
2005. Concentrations of dissolved chromium in transect samples measured during low
flow events ranged from 0.12 to 0.29 pg/L at station W011 (RM 6.3) in July 2005.

Total chromium measured in single-point samples collected during high flow conditions
in February 2007 ranged from 0.7 pg/L to 1.7 J pg/L at station W036 (RM 8.6W).
Concentrations of total chromium measured in transect samples during high flow ranged
from 0.58 t0 1.92 ug/L at station W031 (RM 6.1W) in February 2007.

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
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Dissolved chromium was not detected in any single-point samples collected during high
flow conditions. Dissolved chromium concentrations measured in transect samples
during high flow conditions ranged from 0.43 to 0.83 pg/L at station W024 (RM 16) in

January 2007.

Neither total nor dissolved chromium was detected in any single-point or transect
samples collected during the November 2006 storm water-influenced sampling event.

5.4.13.3 Chromium Spatial Distribution

All of the total and dissolved chromium surface water results were less than the drinking
water MCL of 100 pg/L. A human health NRWQC developed to be protective of
drinking water and consumption of organisms has not been established for chromium.
The chronic NRWQC criterion for protection of aquatic life exposed to dissolved
trivalent chromium in surface water, based on a hardness of 25 mg/L CaCO3/L, is 23.8
ug/L. All dissolved chromium concentrations remain below this aquatic life criterion.

5.4.14 Copper in Surface Water

Copper data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are
summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples are
summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), Tables 5.4-
12 through 5.4-15 (low flow events), and Tables 5.4-17 through 5.4-20 (storm water-
influenced events). All total and dissolved copper surface water sample results are
presented in Tables 5.4-34 and 5.4-35, respectively, by sample event and sample 1D
number.

Dissolved and particulate copper concentrations in surface water collected from
peristaltic pumps are presented in stacked bar graphs by flow event on Figures 5.4-52a-c
and by river mile/channel position on Figure 5.4-53. Figure 5.4-54 is a scatter plot of
copper concentrations in surface water by river mile (RM 2-16). The symbols and colors
indicate the sample type—point vs. transect—and the general flow conditions of the
sampling event—Ilow flow, storm water-influenced, or high flow). Finally, Figure 5.4-55
is a line plot of transect copper concentrations in surface water by river mile (RM 2-16).
The data points presented in this figure are averages of all data points collected at a
particular transect for each measured flow event.

5.4.14.1 Copper Data

Peristaltic samples were collected and analyzed by EPA Method 6020 for total and
dissolved copper during Rounds 2A and 3A. Copper was detected in 99 percent of 174
dissolved samples and 100 percent of 174 total samples during the Round 2A and 3A

sampling events.

Total copper concentrations were generally consistent across the entire Study Area
during the Round 2A and 3A sampling events. The overall range of detected
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concentrations for all total copper samples ranged from 0.65 to 3.61 ug/L suggesting that
there are no specific source areas for copper contamination.

5.4.14.2 Copper Relationship to Flow Rate

Total copper concentrations were generally consistent across the entire Study Area
during the Round 2A and 3A sampling events. Concentrations were generally higher in
samples collected during the high flow sampling events, with concentrations ranging
from 1.1 to 3.6 nug/L compared to samples collected during low flow sampling events,
with concentrations ranging from 0.68 to 2.09 pg/L. Thirty-nine storm water-influenced
samples displayed a narrow range of detections between 0.65 to 1.14 pg/L. Dissolved
and particulate copper concentrations in surface water are depicted in histograms by flow
event type on Figures 5.4-52a-c for high flow, low flow and storm water-influenced
events.

Total copper measured in single-point samples collected during low flow conditions

ranged from 0.68 ug/L to 2.09 pg/L at station W004 (RM 3.7) in March 2005.

Dissolved copper measured in single-point samples collected during low flow conditions
ranged from undetected to 1.64 pg/L at station W022 (NB; RM 9.7W) in July 2005.
Total copper concentrations in transect samples measured during low flow events ranged
from 0.68 pg/L to 1.55 pg/L at station W005 (NB; RM 3.9) in September 2006.
Dissolved copper concentrations in transect samples measured during low flow events
ranged from 0.45 pg/L to 0.83 J pg/L at station WO011 (RM 6.3) in July 2005.

Total copper measured in single-point samples collected during high flow conditions

ranged from 1.63 pg/L to 2.72 pg/L at station W036 (NS; RM 8.6) in January 2006.
Dissolved copper measured in single-point samples collected during high flow
conditions ranged from 0.55 pg/L to 0.73 ug/L at station W037 (NB; RM 9.6W) in
February 2007. Total copper concentrations measured in transect samples during high
flow events ranged from 1.1 pg/L to 3.61 J pg/L at station W023 (RM 11) in January
2006. Dissolved copper concentrations measured in transect samples during high flow
events ranged from 0.43 pg/L to 1.58 J pg/L at station W023 (RM 11) in January 2006.

Total copper measured in single-point samples collected during the November 2006 «—{ Formatted: Indent: Left: 0.44"

storm water-influenced event ranged from 0.84 to 0.96 ug/L at station W036 (NB;

RM 8.6). Dissolved copper measured in single-point samples collected during this event
ranged from 0.50 to 0.64 pg/L at station W028 (NS; RM 3.6E). Total copper
concentrations measured in transect samples during this event ranged from 0.65 pg/L to
1.14 ug/L at station W035 (NS; RM 8.5). Dissolved copper concentrations measured in
transect samples during this event ranged from 0.46 pg/L to 1.23 pg/L at station W023

(RM 11M).
5.4.14.3 Copper Spatial Distribution

All of the total and dissolved copper surface water results were less than the drinking

water MCL of 1,300 pg/L and the human health NRWQC value of 1,300 pg/L

developed to be protective of drinking water and consumption of organisms. There are
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no NRWQC available for the protection of aquatic life. The site-specific TRV for this
hardness-dependent metal developed in the BERA is 2.74 ug/L. There were five
exceedances of the TRV. The results from three samples collected in January 2006 were
greater than the TRV at the following stations during high flow conditions:

e WO005 (RM 3.9),

e WO023 (RM 11), and

e WO024 (RM 16).

In addition, results from two samples collected during high flow conditions in January
2007 also exceeded the TRV at the following locations:

e WO027 (Multnomah Channel), and

e WO031 (6.1 W)

These results do not suggest potential source areas for copper.
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document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
5.4-77



Working File Copy Not Approved by EPA. Do not cite. Portland Harbor RI/FS
Draft Final Remedial Investigation Report
August 29, 2011

5.4.15 Zinc in Surface Water

Data for zinc in surface water are summarized in Tables 5.4-5 through 5.4-20. Transect
samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point
samples are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow
events), Tables 5.4-12 through 5.4-15 (low flow events), and 5.4-17 through 5.4-20
(storm water-influenced events). All total and dissolved zinc surface water sample
results are presented in Tables 5.4-36 and 5.4-37, respectively, by sample event and

sample ID number.

Dissolved and particulate zinc concentrations in surface water collected from peristaltic
pumps are presented in stacked bar graphs by flow event on Figures 5.4-56a-c and by
river mile/channel position on Figures 5.4-57a-b. Figure 5.4-58 is a scatter plot of zinc
concentrations in surface water by river mile (RM 2-16). Finally, Figure 5.4-59 is a line
plot of transect zinc concentrations in surface water by river mile (RM 2-16).

5.4.15.1 Zinc Data
Peristaltic samples were collected and analyzed by EPA Method 6020 for total and

dissolved zinc during Rounds 2A and 3A. Zinc was detected in 43 percentl of dissolved /[Commented [TG26]: LWG table shows 42%

samples and 76 percent of total samples during the Round 2A and 3A sampling events.

Total zinc concentrations in all surface water samples during the Round 2A and 3A
sampling events ranged from 2.1 to 57.9 pg/L. The range of detected concentrations of
dissolved zinc in all Round 2A and 3A samples was 0.9 to 41.9 pg/L.

5.4.15.2 Zinc Relationship to Flow Rate

With the exception of one total result (57.9 pg/L) and one dissolved result (41.9 pg/L),
detected zinc concentrations were within a narrow range regardless of flow. With the
exclusion of the one total result, detected concentrations of total zinc in low flow
samples ranged from 1.65 to 8.8 pg/L at station W004 (RM 3.7E) in March 2005. Total
zinc concentrations ranged from 1.85 to 8.4 pg/L during high flow sampling events.
Dissolved zinc concentrations were generally lower in low flow samples. With the
exception of one dissolved result, dissolved zinc concentrations ranged from nondetect
to 4.9 ug/L at station W018 (RM 8.3) in November 2004 in low flow samples.
Dissolved zinc was only detected in one high flow sample at 2.5 pg/L.

Thirty-nine storm water-influenced samples were analyzed for total and dissolved zinc.
Total zinc was not detected in any of the samples, while dissolved zinc was detected in
five of 39 samples (4.8 t0 6.6 pg/L).

With the inclusion of all samples, total zinc measured in single-point samples collected
during low flow conditions ranged from 1.65 pg/L to 57.9 ug/L at station W022 (RM
9.7W) in November 2004. Concentrations of total zinc in transect samples measured

This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the
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during low flow events ranged from 2.1 to 6.1 pg/L at station W023 (RM 11W) in
September 2006.

With the inclusion of all samples, dissolved zinc measured in single-point samples
collected during low flow conditions ranged from 0.9 pa/L to 41.9 ug/L at station
W022 (RM 9.7W) in November 2004. Concentrations of dissolved zinc in transect
samples measured during low flow events ranged from 1.4 to 2.2 pg/L at station W023
(RM 11) in November 2004.

Total zinc measured in single-point samples collected during high flow conditions in
February 2007 ranged from 3 to 8.4 ug/L at station W031 (RM 6.1W). Concentrations
of total zinc measured in transect samples during high flow conditions ranged from 1.85
t0 6.38 pg/L at station W024 (RM 16) in January 2006.

Dissolved zinc was not detected in any single-point samples collected during high flow
conditions. Dissolved zinc was detected in only one transect sample collected during
high flow conditions - 2.5 pg/L at station W005 (RM 3.9) in January 2006.

Total zinc was not detected in any storm water-influenced sample. Detected
concentrations of dissolved zinc in single-point storm water-influenced samples ranged
from 4.8 to 6.6 ug/L at station W034 (RM 7.5W) in November 2006. Dissolved zinc
was detected in a single transect storm water-influenced sample at 5.1 pg/L at station
WO025M (RM 2M) in November 2006.

54-55:25.4.15.3 Zinc Spatial Distribution

All of the total and dissolved concentrations of zinc in surface water were substantially
below the human health NRWQC value of 7,400 ug/L developed to be protective of
drinking water and consumption of organisms. An MCL has not been established for
zinc. The chronic NRWQC criterion for protection of aquatic life exposed to dissolved
zinc in surface water, based on a hardness of 25 mg/L CaCOs/L, is 36.5 pg/L. Nearly all
dissolved zinc concentrations remained below this aquatic life criterion. The single
exceedance (41.9 ug/L) of this chronic criterion was measured at station W022 (RM
9.7W), in a single-point low flow sample collected November 2004.
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5.4.16 TBT lon in Surface Water

Data for TBT in surface water are summarized in Tables 5.4-5 through 5.4-20. Transect
samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point
samples are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow
events), Tables 5.4-12 through 5.4-15 (low flow events), and Tables 5.4-17 through 5.4-
20 (storm water-influenced events). All TBT surface water data are presented in Table
5.4-38 by sample event and sample ID number.

TBT concentrations in surface water collected from peristaltic pumps are presented in
stacked bar graphs by flow event and by river mile/channel position on Figures 5.4-60a-
¢ and Figure 5.4-61, respectively. Figure 5.4-62 is a scatter plot of TBT concentrations
in surface water by river mile (RM 2-16). Finally, Figure 5.4-63 is a line plot of transect
TBT concentrations in surface water by river mile (RM 2-16).

5.4.16.1 TBT Data

Peristaltic samples of surface water were collected and analyzed by the Krone Method
XXXX for TBT during Rounds 2A and 3A. TBT was detected in a small number of
samples, about 7 percent of all surface water samples collected during the Round 2A
and 3A sampling events. Detected TBT concentrations in all surface water samples
collected during the Round 2A and 3A sampling events ranged from 0.0006 to 0.011
Ha/L.

5.4.16.2 TBT Relationship to Flow Rate

The small number of TBT detections in surface water samples was associated with a
narrow range of detected concentrations regardless of flow. Detected concentrations of
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document in order for LWG to finalize the RI. The comments or changes (including redlines) on this document
may not reflect LWG positions or the final resolution of the EPA comments.
5.4-80



Working File Copy Not Approved by EPA. Do not cite. Portland Harbor RI/FS
Draft Final Remedial Investigation Report
August 29, 2011

TBT in low flow samples ranged from 0.00095 to 0.0012 ug/L compared to high flow
sampling events where TBT concentrations ranged from 0.0021 to 0.0035 pg/L.

Thirty-seven storm water-influenced samples were analyzed for TBT. TBT was
detected in only four of these samples at concentrations ranging from 0.0010 to 0.0013

pa/L.

TBT measured in single-point samples collected during low flow conditions ranged
from 0.00095 pg/L to 0.0023 pg/L at station W004 (RM 3.7E) in March 2005. TBT
was not detected in any transect samples measured during low flow sampling events.

TBT was not detected in any single-point samples collected during high flow
conditions. Concentrations of TBT measured in transect samples during high flow
ranged from 0.0021 to 0.0035 pg/L at station W035 (RM 8.5) in February 2007.

TBT was not detected in any single-point storm water-influenced sample. Detected
concentrations of TBT in transect samples that were storm water-influenced ranged
from 0.0001 to 0.011 pg/L at W024 (RM 16) in November 2006.

5.4.16.3 TBT Spatial Distribution

All of the detected concentrations of TBT measured in surface water remained below all
applicable criteria, including the EPA RSL for tapwater for protection of human health
(0.47 pg/L, based on HQ=0.1) and the chronic NRWQC value for protection of aquatic
life (0.072 p g/L).

5.4.17 Site-Specific Evaluation of Hydrophobic Contaminants

For the purposes of this evaluation and presentation, hydrophobic contaminants are
defined as those contaminants or groups of contaminants that are insoluble or minimally
soluble in water, and are therefore expected to bind strongly to sediments and
suspended particulates and to be present in dissolved form in water at low
concentrations. Hydrophobic contaminants included in this evaluation are PCBs,
dioxins and furans, DDT and related compounds (DDx), and PAHSs.
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5.4.17.1 Distribution Bbetween PCB Dissolved and Particulate Fractions

The following subsections describe observed trending of dissolved (XAD «—{ Formatted: Body Text, Indent: Left: 0"

column) and particulate (XAD filter) fractions by river mile, event type, and sample
type of total PCB congener concentrations (PCBs) in the complete Round 2A and 3A
data set. The spatial distribution of dissolved and particulate PCB concentrations and
relationships to flow rate, TSS, and foc are described. PCB congeners were detected in
all XAD filter and column samples collected during Round 2A and 3A sampling events.
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5.4.17.1.1 PCB Particulate and Dissolved Concentrations

Figures 5.4-64a-b present a scatter plot of total PCB dissolved and particulate
concentration pairs. Linear regression lines are shown for the high flow, low flow, and
storm water-influenced sets of transect and point data. The PCB concentrations of the
particulate (filter) and dissolved (column) fractions of each sample are shown on
histogram Figures 5.4-65a-b and 5.4-66a-b.

As seen on the scatter plots, samples with concentrations less than 0.0005 pg/L
particulate and less than 0.0005 ug/L dissolved showed a fairly consistent trend in
particulate/dissolved ratios, whereas the particulate/dissolved ratio varies substantially
for high-concentration samples. In particular, low flow point samples collected at the
upper end of the dissolved concentration range (>0.0005 pg/L) had a higher particulate
component. Storm water-influenced point samples collected at the upper end of the
dissolved concentration range had the lowest particulate component.

The high flow samples (both point and transect) tend to show lower dissolved
concentrations for the given particulate concentration, or conversely, higher particulate
concentrations for the given dissolved concentrations, relative to the storm water-
influenced and low flow samples. This suggests a different character/source of PCB
contaminated sediment and/or suspended solids concentration and character during high
flow events. The following section further investigates differences in the suspended
solids concentration and character.

The transect sample collected at RM 11 during the low flow event in November 2004
exhibited a high particulate to dissolved ratio. As noted previously, during collection of
this sample, the field crews observed runoff from a nearby storm drain, which may have
contributed to this result.

Figures 5.3-37 and-5-3-38-present-a-scatterplotof- total PCB-dissolved-and { Formatted: Font: Arial
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5.4.17.1.2 PCB Associations with Suspended Solids

The associations of PCBs with suspended solids and apparent partitioning were
evaluated from the surface water data set. Total PCB concentrations as a function of
TSS are presented on Figures 5.4-67a-b. High flow samples (single-point and transect)
exhibited the widest range and highest concentrations of TSS but the lowest PCB
concentrations. Conversely, the remaining samples exhibited a wide range in
concentration over a small range in TSS. The high flow samples also exhibited a lower
dissolved/particulate concentration ratio relative to the storm water-influenced and low

flow samples.

Particulate total PCB concentrations and POC (TOC-DOC) concentrations are
compared on Figures 5.4-68a-b. The high flow samples (single-point and transect)
exhibited relatively low PCB concentrations for the corresponding POC associated with
the solids. The low POC values are consistent with the lower foc associated with TSS
observed in high flow samples, as shown on Figure 5.4-69. This observation may
suggest the introduction of suspended particles with low organic carbon content during
high flow events. Further, the solids that become suspended in the water column during
high flow events may have a different character (low foc and low PCB concentrations)
than those introduced during low flow or storm water-influenced events. The single-
point samples characterized by high concentrations of PCBs (RM 5.5, 6.9, 8.3, and 11)
did not have corresponding high TSS concentrations from the same events (Figures 5.4-
67a-b). However, these samples did exhibit high particulate-phase PCB concentrations
as a function of POC (Figures 5.4-68a-b), reflecting a higher foc.
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Total PCB congener concentrations measured in the single-point samples during high
flow conditions ranged from 0.000111 J pg/L to 0.000749 J pg/L at Station W035 (RM
8.5) in January 2007. Concentrations measured in transect samples during high flow
ranged from 0.0000419 J pg/L to 0.000391 J pg/L at station W005 (RM 4) in January
2007.

A single storm water-influenced flow event was observed and sampled in November
2006. Total PCB congener concentrations measured in single-point samples during this
storm water-influenced event ranged from 0.000112 J pg/L to 0.00259 J ug/L at Station
W030 (RM 5.5). Concentrations measured in transect samples ranged from 0.000121 J
ug/L to 0.00129 J pg/L at station W025E (RM 2).
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5.4.17.2 Distribution BBetween PCDD/F Dissolved and Particulate
Fractions

The following subsections describe the observed trending of dissolved and particulate

fractions by river mile, event type, sample type, TSS, and foc of the TSS. This analysis
was specific to total PCDD/Fs and .therefore, does not extend to individual dioxins and
furans. Ve i 4 vi i i P iti

5.4.17.2.1 PCDD/F Dissolved and Particulate Concentrations

The dissolved (XAD column) and particulate (XAD filter) fractions of total PCDD/F
concentrations for each surface water sample are presented as histograms by flow event
type on Figure 5.43-4570 and by channel position on Figure 5.43-4671. These figures
clearly-demonstrate that PCDD/Fs tend to partition to the particulate fraction in surface
water within the Study Area. -The extent of this tendency is presented oin Figure 5.43-
5072a, which shows a scatter plot of the dissolved vs. particulate concentrations of total
PCDD/Fs. The two highest concentrations measured at RM 6.7 and 11 during low -
flow and storm water-influenced conditions, respectively, exhibit extremely high
particulate to dissolved ratios (greater than an order of magnitude difference between
the two phases). If these samples are excluded from the analysis, as presented oin
Figure 5.43-5172h, where the x-axis (particulate concentration) is zoomed, the tendency
for partitioning into the solid phase is also apparent for low -flow and high -flow
samples. However, the storm water-influenced sample concentrations appear to be
more evenly distributed within the data set.

5.4.17.2.2 PCDD/F Associations with Suspended Solids

The associations of total PCDD/Fs with suspended solids and apparent partitioning
were evaluated from the surface water data set. -Total concentrations as a function of
TSS are presented oin Figures 5.34-5273a-b-and-5:3-53. PCDD/F concentrations
increased slightly with higher suspended solids for high -flow transect samples.
However, concentrations appear to increase more rapidly with increased suspended
solids for the high -flow single -point samples. The storm water-influenced samples
increased independently of suspended solids in surface water. The transect and single -
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point samples collected during this event were all characterized by TSS values less than
10 mg/L. -The low -flow transect samples appear to have a non-linear distribution with
varying TSS and PCDD/F concentrations and, therefore, do not exhibit a clear trend
(Figures 5.34-5273a-b-and-5:3-53).

Particulate total PCDD/F concentrations and POC concentrations are compared oin
Figures 5.43-5474a-b-and-5:3-55. As with PCBs, the high -flow samples (single -point
and transect) exhibited relatively low PCDD/F concentrations for the corresponding
POC associated with the solids. Conversely, the storm water-influenced samples tended
to exhibit higher POC values in relation to total PCDD/F concentrations and were
associated with lower TSS (less than 10 mg/L) values. -This may indicate that solids
that become suspended during storm water-influenced events may have a unique
character of high foc and varying loads of PCDD/Fs. Samples characterized by high
concentrations of PCDD/Fs did not have corresponding high TSS concentrations
compared to other samples from the same events (Figures 5.34-5273a-b-and 5:3-53).
However, these samples did exhibit a high particulate-phase PCDD/F concentration as a
function of POC.

5.4.17.3 Distribution Between DDx Dissolved and Particulate Fractions

The following subsections describe the observed trending of total DDx dissolved and
particulate fractions by river mile, event type, sample type, TSS, and foc of the TSS.

5.4.17.3.1  DDx Particulate and Dissolved Concentrations

The distribution of total DDx (i.e., the sum of the dissolved and particulate
concentrations) by river mile is presented on histograms by flow event type on Figures
5.4-75a-b and histograms by channel position on Figures 5.4-76a-b. Although these
figures show distinctly high total DDx concentrations at RM 6.9 and 7.2, there does not
appear to be any clear patterns in the ratio of dissolved and particulate fractions or the
distribution between single-point and transect samples.

The dissolved and particulate fractions of total DDx are plotted on scatter plots on
Figures 5.4-77a-b. Linear regression lines are shown for the high flow, low flow, and
storm water-influenced sets of transect and point data. The single-point and transect
samples collected during the high flow events followed the general trend of the other
flow types. The samples characterized by the highest dissolved concentration tended to
have a higher particulate concentration.

Three samples collected at RM 2 (station W025) had higher dissolved to particulate
ratios. This may be due to the lower suspended solids load in the downstream portion
of the Study Area (at RM 2) rather than an actual shift in partitioning behavior. There
does not appear to be a clear distinction between low flow and storm water-influenced
or single-point and transect samples on these figures.
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5.4.17.3.2 DDx Associations with Suspended Solids

The associations of total DDx with suspended solids and apparent partitioning were
evaluated from the surface water data set. Total concentrations as a function of TSS
are presented on Figures 5.4-78a-b. The high-concentration, low flow samples
exhibited the highest ratios of total DDx to TSS. The single-point and transect high
flow samples exhibited a much lower ratio of total DDx concentration to TSS. The low
flow and storm water-influenced samples had low suspended solids loads (25 J mg/L
or lower) compared to high flow samples (up to 62 mg/L).

Particulate total DDx concentrations and POC concentrations are compared on Figures
5.4-79a-b. The high flow transect and single-point samples tended to exhibit higher
total particulate DDx concentrations and lower POC concentrations in the water
column. As shown on Figure 5.4-69, high flow samples exhibited higher TSS
concentrations and lower foc on TSS percentages. Therefore, the higher concentrations
in the surface water during high flow events (Figures 5.4-80a-b) were present in spite
of lower POC in the water column. Again, this may suggest a different source or
sources of particles, possibly upstream of the Study Area, given the high inflow
concentrations at RM 16 and 11 during high flow events. Higher POC concentrations
were found in transect and single-point storm water-influenced and low flow samples
with lower total particulate DDx concentrations.

5.4.17.4 Distribution Between PAH Dissolved and Particulate Fractions
The following subsections describe the observed trending of the dissolved and total

fractions by river mile, event type, sample type, TSS, and foc of the TSS.

5.4.17.4.1 PAH Particulate and Dissolved Concentrations

The spatial distribution of dissolved and particulate total PAH concentrations is
presented on histograms for each surface water sample by flow event type and river
mile on Figure 5.4-81a; Figure 5.4-81b presents the same data with a reduced y-axis
scale to better show lower concentrations. Figures 5.4-82a-b through 5.4-83a-b present
the same data arranged by channel position. The majority of total PAH concentrations
were found in the dissolved rather than the particulate phase. However, there was one
notable exception to this trend: station W035 at RM 8.5 collected during the January
2007 high flow event. Both the NB and NS samples collected in January 2007
exhibited a much greater particulate to dissolved ratio. Also, at stations W011 (RM 6.3)
and WO005 (RM 4) the NB samples had noticeably higher particulate total PAH
concentrations in the low flow and storm water-influenced sampling events. In the
January 2007 high flow sampling event, this pattern was reversed at station W035 (RM
8.5), and the NS sample had the highest particulate total PAH concentration.

The dominance of the dissolved fraction is also illustrated in scatter plots of particulate
and dissolved data on Figures 5.4-84a-b. Linear regression lines are shown for the high
flow, low flow, and storm water-influenced sets of transect and point data. The
apparently unique ratio at RM 8.5 is well illustrated on these figures (data points in the
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lower right quadrant) and does not appear to apply to other high flow samples. The
unique ratio may suggest a different character/source of PAHs and/or suspended solids
concentration and character for this sample location.

5.4.17.4.2 PAH Associations with Suspended Solids

Total PAH concentrations as a function of TSS are presented on Figures 5.4-85a-b.
High flow samples (single-point and transect) exhibited the widest range and highest
concentrations of TSS but generally lower total PAH concentrations compared to the
majority of the data set. However, there does appear to be a trend of gradually
increasing total PAH concentrations with higher TSS values (somewhat linear) for the
high flow samples. Otherwise, the low flow and storm water-influenced samples tended
to cluster together exhibiting low TSS but varying PAH concentrations. The storm
water influenced- (single-point and transect) and low flow single-point samples tended
to exhibit this pattern most prevalently, with TSS values below 12 mg/L.

Samples collected from RM 8.5 during high flow in January 2007 did not adhere to the
pattern of other samples collected during this particular flow regime as they exhibited
high concentrations of total PAHSs relative to TSS (Figures 5.4-85a-b). Although total
PAHs measured in these samples were high relative to TSS, the particulate
concentrations were much greater than the dissolved fractions (Figures 5.4-81a-b and

5.4-84a-).

Particulate total PAH concentrations and POC concentrations are compared on Figure < Formatted: Indent: Left: 0.5", Space After: 12 pt

5.4-86. The high flow samples (single-point and transect) exhibited relatively low total
PAH concentrations and POC. The low POC values are consistent with the lower
observed foc of the suspended solids during this flow condition (Figure 5.4-69). Several
high flow samples (e.q., the sample with the highest particulate total PAH concentration
at station W035, NS) exhibited POC values equal to zero (Figure 5.4-86). The
explanation for this is that the calculated POC was set to equal zero if the DOC was
greater than the TOC. This scenario provides further confirmation that the high flow
events are characterized by suspended solids with low foc.
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5.4 Indicator Contaminants in Surface Water


This section summarizes the surface water data collected during the RI investigation. These data include those collected between November 2004 and March 2007. The surface water study was designed to characterize surface water contaminant concentrations and flow conditions of the river during three different flow regimes: low river flow (low flow; <50,000 cfs), high river flow (high flow; >50,000 cfs), and storm water‑influenced flow (sampling during active runoff in the Study Area).  The threshold discharge rate of 50,000 cfs was selected because it is the river discharge at which significant transport of streambed sediment begins (Willamette Basin Task Force 1969). The geographic locations of all surface water sampling locations are presented on Map 2.1-18.  

The discussion of the ICs addressed in this section focuses primarily on the following elements:

· A description of the data set for each contaminant; 

· The relationship of contaminant concentration with respect to flow rate; 

· 

· 

· The sampling locations and event types with elevated contaminant concentrations compared to ambient water quality criteria (AWQC); and


· Locations with the highest contaminant concentrations.

The following subsections present tables and other graphical formats to support discussion and evaluation of the in-river distribution of ICs.  Additional tabular and graphical summaries of the other key COCs in surface water are included in Appendix D3.  Finally, surface water sampling results are compared to various water screening values in Appendix D3.3, where contaminants that exceed the screening values are identified in the evaluation.

The final subsection in this discussion presents a site-specific evaluation of hydrophobic contaminants using four contaminants: PCBs, Dioxin/Furans, PAHs, and DDx. This discussion presents 

the relationship of contaminant concentration with respect to dissolved and particulate fractions and relationship with suspended solids and associated organic carbon.

· 



The surface water chemistry distributions and supporting information are depicted in several graphical formats:  hydrographs and hyetographs of sampling events, discharge rates, and precipitation events, and histograms of sample concentrations for all sampling events for the ICs, along with line plots, stacked bar charts, and scatter plots for the ICs. Additionally, Maps 5.4-1a-c present the surface water sampling locations.    


Hydrographs and Hyetographs:  The hydrographs show the average discharge rates during the each surface water sampling event and the hyetographs show precipitation events and amounts to provide perspective on the timing of the sampling events and the specific conditions prior to, during, and after each event. These are provided as Figures 5.4-1 through 5.4-4.

Histograms:  The histograms provide a graphical summary of the ICs for all the surface water sampling events.  For each analyte, data are presented in two types of histograms: data sorted by flow event type (high flow, low flow, and storm water-influenced flow) and data sorted by location in the river channel (west and east channel and transect locations).  For the XAD samples, the individual data points are composed of shaded stacked bars to distinguish between the XAD column and XAD filter samples.  The bars are color-coded to distinguish between the single point samples (blue) and the transect samples (orange).  The non-detected samples are displayed with a hatch pattern or open bar.  The same scheme is used for the peristaltic samples
, with shaded stacked bars for total and dissolved fractions and blue and orange colors for the single point and transect samples.  Multnomah Channel and Swan Island Lagoon are indicated by “MC” and “SIL”, respectively, on the histograms.

Line Plots:  The line plots present the concentrations of the ICs for each flow type (high flow, low flow, storm water-influenced) at the transect stations for all surface water sampling events.  The squares, diamonds, and triangles represent the data points.  Prior to generating the plots, data were averaged so that only one value per transect per sampling event was used.  NB and NS total (dissolved plus particulate) concentrations were averaged for samples from stations W027 (Multnomah Channel), W005 (RM 4), W011 (RM 6.3), and W024 (RM 16) and east, west, and mid-channel total concentrations were averaged for stations W025 (RM 2) and W023 (RM 11), where applicable.  The data for the 2007 high flow event is displayed in two colors because this event was completed in two phases with a stand down period between high flow conditions. 

Scatter Plots:  Scatter-plot presentations of the surface water data show concentrations of the ICs by river mile. The symbols on the scatter plots distinguish between flow types (high flow, low flow, storm water-influenced flow) and single-point and transect samples. The evaluation of hydrophobic ICs presents IC relationships with flow, TSS, and organic carbon. Particulate versus dissolved concentrations are also presented for detailed evaluation of the results.  



5.4.1 Surface Water Data Set


The Round 2A and 3A surface water sampling programs consisted of seven field collection events that occurred between November 2004 and March 2007.  
The seven events are listed below:


· November 2004 (Round 2A, low flow)

· March 2005 (Round 2A, low flow)


· July 2005 (Round 2A, low flow)


· January 2006 (Round 3A, high flow)


· September 2006 (Round 3A, low flow)


· November 2006 (Round 3A, storm water-influenced flow)


· January-March 2007 (Round 3A, high flow
).

Other studies included in this evaluation are:


· Siltronic – May and June 2005 (MFA 2005b, low flow).  


· NW Natural – October 2007(Anchor 2008b, low flow).  

· City of Portland – February 5, 1992 and March 15, 2006 (Sanders 2006, TSS).

Peristaltic and XAD (column and filter) samples were collected during all sampling events, but not at all sampling locations. Table 5.4-1 summarizes the sampling methods at each sampling station for each sampling event. A total of six transect locations located at RM 2, mouth of Multnomah Channel, RM 3.9, RM 6.3, RM 11 and RM 16 were sampled; due to flow conditions and sample event objectives, not all transects were sampled during all sampling events. Transects were sampled in three ways: as a vertically-integrated [VI], equal discharge increment transect [EDI-VI]; as a near surface equal discharge increment transect and near bottom equal discharge increment transect pair [EDI-NS/NB]; and as a vertically-integrated, three segment (East, Mid-channel, West) transect [VI (E,M,W)]
. Three single point vertically-integrated samples were collected during Round 2A low flow conditions only (W010, W014, and W020) to support the baseline human health risk assessment. The remaining Round 2A single-point samples were collected in support of the baseline ecological risk assessment as near bottom samples.  Round 3A single-point samples were collected as near surface and near bottom pairs. Siltronic collected peristaltic single point samples, and NW Natural and the City of Portland collected surface water grab samples. Not all samples were analyzed for every analyte. Each subsection that follows will discuss which samples were analyzed for each IC.

A total of 16 peristaltic sample locations and seven peristaltic and XAD stations were sampled during the Round 2A low flow conditions and six peristaltic and XAD stations were sampled during the Round 3A low flow conditions (Table 5.4-2). Twenty single-point peristaltic stations (W001-W004, W006-W010, and W012-W022) and four single-point peristaltic and XAD stations were sampled (W013, W015, W016, W018) during each of the three Round 2A sampling events (Table 5.4-1). Both peristaltic and XAD samples were collected for all the low flow transect samples in Round 2A. Three Round 2A transect locations (W005, W011, and W023) were collected during low flow conditions as EDI-VI. Four Round 3A transect locations (W005, W011, W024, and W027) were collected as EDI-NS/NB and the other two Round 3A transect locations (W023 and W025) were collected as VI (E, M, W).   Replicates were collected based on a 5% target frequency at the following single-point stations: W013 (peristaltic and XAD) and W016 (peristaltic only) during November 2004; W013 (peristaltic and XAD) and W002, W004, and W016 (peristaltic only) during March 2005; and W002 and W016 (peristaltic only) and W013 (peristaltic and XAD) during July 2005. A total of 92 peristaltic samples and 38 XAD samples were collected to represent the low flow conditions of the river (Table 5.4-3). As summarized in Table 5.4-4, samples collected during this flow regime include: 


· 61 peristaltic and 15 XAD single-point, near-bottom samples; 

· 8 peristaltic single-point, vertically-integrated samples; 

· 9 peristaltic and 9 XAD transect, EDI-VI samples; 

· 2 peristaltic and 2 XAD east-channel VI transect samples, 2 peristaltic and 2 XAD mid-channel VI transect samples, and 2 peristaltic and 2 XAD west-channel VI transect samples;

· 4 peristaltic and 4 XAD transect, EDI-NS samples; and 


· 4 peristaltic and 4 XAD transect, EDI-NB samples.



Storm water-influenced flow conditions were only sampled once during Round 3A (November 2006). Both peristaltic and XAD samples were collected at all six transect locations (W005, W011, W023, W024, W025, and W027) and 12 single-point stations (W026 and W028-W038) during this sampling event (Table 5.4-1). Four of the transect locations (W005, W011, W024 and W027) were sampled as EDI-NS/NB. The other two transect locations (W023 and W025) were sampled as VI (E, M, W). All the single-point samples were collected as NS/NB pairs. Replicates were collected at single-point stations W033 (peristaltic and XAD) and W036 (peristaltic only). A total of 40 peristaltic samples and 42 XAD samples were collected to represent the storm water-influenced flow conditions of the river (Table 5.4-3). As summarized in Table 5.4-4, samples collected during this flow regime include: 


· 14 peristaltic and 13 XAD single-point, near surface samples; 


· 14 peristaltic and 13 XAD single-point, near-bottom samples; 


· 2 peristaltic and 2 XAD east-channel VI transect samples, 2 peristaltic and 2 XAD mid-channel VI transect samples, and 2 peristaltic and 2 XAD west-channel VI transect samples; 


· 4 peristaltic and 4 XAD transect, EDI-NS samples; and 


· 4 peristaltic and 4 XAD transect, EDI-NB samples.

High flow conditions were sampled twice during Round 3A (January 2006 and January-March 2007). In January 2006, peristaltic and XAD samples were collected at three transects (W005, W023, and W024). Due to safety concerns and sampling challenges associated with the extreme high flow conditions, the January 2006 samples were collected mid-channel at a single fixed depth for each of the three transect stations that were sampled.  No vertical integration was performed. One replicate was collected at W023 for the peristaltic sample only. Both peristaltic and XAD samples were collected at all six transects and 12 single-point stations (W026 and W028-W038) during the January-March 2007 sampling event. Four of the transect locations (W005, W011, W024 and W027) were sampled as EDI-NS/NB. The other two transect locations (W023 and W025) were sampled as VI (E, M, W). Stations W023-M and W025-M were first sampled in January 2007, and then re-occupied in March 2007 (W023-M2, W025-M2) due to changing flow conditions.  All the single-point samples were collected as NS/NB pairs. NS and NB replicates were collected at single-point station W033 (peristaltic only) during the January-March 2007 event. A total of 46 peristaltic samples and 43 XAD samples were collected to represent the high flow conditions of the river (Table 5.4-3). As summarized in Table 5.4-4, samples collected during this flow regime include: 


· 13 peristaltic and 12 XAD single-point, near surface samples; 


· 13 peristaltic and 12 XAD single-point, near-bottom samples; 


· 2 peristaltic and 2 XAD east-channel VI transect samples, 4 peristaltic and 2 XAD mid-channel VI transect samples, and 2 peristaltic and 2 XAD west-channel VI transect samples; 


· 4 peristaltic and 4 XAD transect, EDI-NS samples; and 


· 4 peristaltic and 4 XAD transect, EDI-NB samples.

Since the single-point stations sampled during the low flow event are located in different areas of the site than the stations sampled during the other flow events, the data sets cannot be compared to each other because they represent different areas of the site. While the six transects were sampled in almost all the sampling events, different sampling methods were used to collect the samples. While the discussion will still compare concentrations at the river transects, it must be understood that there is uncertainty associated with the transect data between flow events.





Uncertainty associated with the surface water data is related primarily to the representativeness of the analytical data set.  The data sets are derived from grab samples instead of time-weighted composites, and a limited number of samples were collected under a limited number of flow conditions.  This prohibits a quantitative statistical evaluation of temporal and flow variability in surface water quality and is an important source of uncertainty of unknown magnitude. Further, the limited number of data points should not be construed as defining the magnitude and extent of the surface water contamination in localized areas that may be problematic and will need to be addressed further in remedial design. However, the data presented are sufficient to determine the extent of contamination at the site and to determine the need for action.  As discussed in Section 2, only Category 1 QA2 data are used in these discussions.   

River Conditions during 

5.4.1.1 Round 2A and 3A Sample Collection 








A summary of the sampling events, including dates of collection, flow rates, and relative flow conditions, are presented in Table 5.4-5.  Average discharge rates (recorded as cfs) for each event are based on measurements collected by the USGS at the stream flow station located upstream of the Morrison Bridge at RM 12.8 (station 14211720).  Flow measurements from the USGS gauge at this station are collected every 30 minutes and were used to calculate flow rates for each of the seven sampling events.
  It should be noted that discharge rates below 20,000 cfs measured at this station are considered to be unreliable by the USGS.  Therefore, the average discharge rates calculated for the low flow events should be considered estimates.

The surface water sampling events and their corresponding flow rates are presented against the backdrop of the average year (1972–2008) hydrograph measured at Morrison Bridge on Figure 5.4-1.  Overall, the sampling events were well distributed over the average water year, capturing the range of flow conditions, including base flow, rising limb, peak flow, and falling limb conditions.  Additionally, the November 2006 sampling captured a storm water-influenced flow event at the onset of the transition from a low flow period to a high flow period.  Figures 5.4-2a-d present the actual annual hydrograph measured at Morrison Bridge (RM 12.8) and hyetograph during each year of sampling (2004–2007), including daily average and historical average (1978–2008) discharge rates and daily precipitation levels and identifies the sampling events collected during each year.  Several rainfall events occurred during the November 2004 sampling event, and one day of measurable rainfall occurred during each of the March and July 2005 sampling events.  


The seasonal cycle of water discharge in the Willamette River is also apparent on Figure 5.4-1.  Annual low water levels occur during the summertime regional dry season, and flows increase during the wetter winter months (November to March).  Furthermore, a distinct and persistent period of relatively high water levels occurs from late May through June when Willamette River flow into the Columbia is slowed by high-water stage/flow in the Columbia River during the spring freshet in the much larger Columbia River Basin.  The flow regime can influence the concentration of contaminants in the water column.  


Flow measurements were not collected at the lower end of the Study Area where the river flows either into the Columbia River or into Multnomah channel. To better understand the flow dynamics at the lower end of the Study Area, a hydrodynamic model (discussed in Section 6) was used to estimate these flows. The model shows that the relative stages of the Columbia and Willamette rivers determine the fraction of the Willamette River flow, which flows down Multnomah Channel (WEST 2006a).  Figure 5.4-3 presents the average annual hydrograph, based on modeled discharge rates for 2003 through 2007, for RM 4, RM 2, and Multnomah Channel.  The Morrison Bridge (RM 12.8) 25-yr average hydrograph is also shown for comparison.  Figure 5.4-4 presents the modeled daily average flows for 2003 through 2007 and highlights the time periods when surface water samples were collected at RM 4, RM 2, and Multnomah Channel.  A few key observations are apparent in these figures.  First, for a significant portion of each year, generally May through September, the relatively higher Columbia River stage drives a reversal in flow direction at RM 2.  During these periods, the Multnomah Channel flow increases and includes the entire Willamette River flow plus some flows from the Columbia River.  Second, Figure 5.4-4 shows that surface water sampling events at the RM 2 and Multnomah Channel sample transects did not occur during these flow reversal periods; rather, sampling was conducted when the Willamette River flow was in the downstream direction, and flows split between Multnomah Channel and the main stem.  This indicates that surface water samples collected at RM 2 and Multnomah Channel are representative of Willamette River water and are not strongly influenced by mixing with Columbia River water.          


Tidal action also compounds the hydrology and interplay of the two rivers, and affects the Willamette River upstream as far as Portland Harbor and beyond.  The high (i.e., flood) tide can influence Willamette River levels by up to 3 ft in Portland Harbor when the river is at a low stage.  These tidal fluctuations can result in short-term flow reversals (i.e., upstream flow) in Portland Harbor during times of low river stage combined with large flood tides.  Tidal changes were observed at multiple stations during the surface water sampling events.  At this time, there is not adequate high-resolution discharge information to determine the potential influence of tidal fluctuations and water mixing on surface water sampling results; however, the overall tidal impact is not expected to be significant.
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5.4.5 Suspended Solids


Suspended sediment loads are potentially an important component of the Lower Willamette River physical system. TSS data have been collected as part of the surface water data collection effort to understand distributions and patterns of contaminant concentrations.  As stated in Section 3, evaluations overall indicate that a positive correlation exists between TSS concentrations and flow rate in the Lower Willamette River.  

Total organic carbon (TOC) comes from decaying natural organic matter as well as synthetic sources, such as oil and coal. Persistent organic pollutants, such as PCBs, dioxin/furans, and chlorinated pesticides, tend to accumulate in the organic fraction (foc) of sediments and soils, although they can dissolve in appreciable quantities in aquatic environments due to the dissolved organic carbon (DOC) and possible presence of colloids
 in the water column. Organic carbon in the suspended sediment is a strong determinant in the adsorption of low soluble organic contaminants (i.e., persistent organic pollutants). DOC is extremely important in the transport of metals in the aquatic systems.  Metals form extremely strong complexes with DOC, enhancing metal solubility while also reducing metal bioavailability.











Figures 5.4-5 and 5.4-6 present the foc on the TSS in each surface water sample as a function of flow rate and river mile, respectively.  The surface water transect particulate and dissolved organic carbon data are presented by event on Figures 5.4-7 and 5.4-8.  The foc values on the TSS range from 0 to 20 percent in the low flow samples and 0 to 50 percent in the storm water-influenced samples.  Conversely, the foc on the TSS in high flow samples is distinctly lower, ranging from 0 to less than 4 percent, suggesting the introduction of suspended particles with low organic carbon content during high flow events.  Generally low foc values may be a function of larger particles (lower surface area per volume and therefore fewer organic carbon binding sites) introduced during high flow conditions.    


Figure 5.4-9 presents a scatter plot of foc and TSS that summarizes the overall trend of solids concentrations and foc in the data set.  High flow samples tend to exhibit lower foc associated with TSS.  The shape of the curve is largely driven by the fact that foc is a function of TSS.  The suspended solids associated with the storm water-influenced samples appear to have the highest levels of organic carbon content.  The TSS concentrations and corresponding foc values vary somewhat between flow types, and the low flow samples appear to fall between the high flow and storm water-influenced samples based on the level of organic carbon.  There is the possibility that there may be local nearshore effects at the point of discharge that were not captured in the surface water sampling data set.




5.4.6 Total PCBs in Surface Water

Total PCB data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16.Single-point samples are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), Tables 5.4-12 through 5.4-15 (low flow events), and Tables 5.4-17 through 5.4-20 (storm water-influenced events). All PCB surface water sample results are presented in Table 5.4-21 by sample event and sample ID number.

Dissolved and particulate PCB congener concentrations in surface water XAD columns and filters and PCB Aroclor concentrations from the peristaltic pumps are presented in stacked bar graphs by flow event and by river mile/channel position on Figures 5.4-10a-c and 5.4-11a-c.

Total PCB concentrations at the transect locations as a function of flow rate is presented on Figure 5.4-12. The data points presented in this figure are averages of all data points collected at a particular transect for each measured flow event.  


Figures 5.4-13a- b present a scatter plot of all total PCB surface water data. Note the symbols and colors indicate the sample type—point vs. transect—and the general flow conditions of the sampling event—low flow, storm water-influenced, or high flow.)

Total PCB Data 

Total PCBs were analyzed as PCB Aroclors by EPA method 8081 in 51 of the total 157 peristaltic samples collected; 41 SP-NB samples, nine SP-VI samples, and one transect EDI-VI sample. High-volume surface water samples (XAD samples) were analyzed as PCB congeners by HRGC/HRMS in 120.5
 of the total 123 XAD samples collected; 25 SP-NS samples, 39.5 SP-NB samples, 31 transect EDI-VI samples, 13 transect EDI-NS samples, and 12 transect EDI-NB samples.  

PCB Aroclors were not detected in the majority of the peristaltic samples (45 of 51 nondetect samples) with detection limits ranging from 0.0025 to 0.0027 µg/L, which is four orders of magnitude greater than the Oregon water quality criterion for human health (0.0000064 µg/L), although below the chronic Oregon water quality criterion for aquatic life (0.014 µg/L) and the MCL (0.5 µg/L). 



Detections of PCB Aroclors were limited to six single-point samples collected during the Round 2A low flow event at the following stations: 

· W001 (RM 2.0E), 

· W004 (RM 3.7E-head of International Slip), 

· W014 (RM 6.9E) and 

· W022 (RM 9.7W). 

Detected PCB Aroclor  concentrations for SP-NB samples range from 0.00592 J µg/L to 0.0149 J µg/L; only one SP-VI sample (W014) was detected at 0.01672 µg/L.  



Total PCB congener concentrations, calculated as the sum of the dissolved (XAD column) and particulate (XAD filter) concentrations, were detected in all samples. 
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5.4.6.2 PCB Relationships to Flow Rate 


Total PCB concentrations in samples collected during low flow conditions ranged as follows: 


· SP-NS:
Not sampled;


· SP-NB:
0.000375 J μg/L to 0.01198 J μg/L;

· T-VI:
0.000174 J µg/L to 0.000950 J µg/L (station W023E at RM 11); 


· T-EDI/NS:
0.000159 J µg/L to 0.000682 J µg/L (station W011 at RM 6.3); 

· T-EDI/NB:
0.000174 J µg/L to 0.000950 J µg/L (station W005 at RM 3.9); and

· T-EDI/VI:
0.000171 J µg/L to 0.000608 J µg/L (station W023 at RM 11).

Total PCB concentrations in samples collected during storm water-influenced flow conditions ranged as follows:


· SP-NS: 
0.000182 J μg/L to 0.002586 J μg/L (station W030 at RM 5.5E);

· SP-NB:
0.000112 J μg/L to 0.000897 J μg/L (station W026 at RM 2.1E);

· T-VI: 
0.000121 J µg/L to 0.001290 J µg/L (station W025 at RM 2E);

· T-EDI/NS:
0.000149 J µg/L to 0.000458 J µg/L (station W005 at RM 3.9);

· T-EDI/NB:
0.000205 J µg/L to 0.000440 J µg/L (station W005 at RM 3.9); and

· T-EDI/VI:
Not sampled.

Total PCB concentrations in samples collected during high flow conditions ranged as follows:


· SP-NS:
0.000111 J μg/L to 0.000932 J μg/L (station W029 at RM 4.4W);

· SP-NB:
0.000149 J μg/L to 0.000773 J μg/L (station W035 in Swan Island Lagoon);

· T-VI:
0.000042 J µg/L to 0.000169 J µg/L (station W023 at RM 11E);

· T-EDI/NS:
0.000132 J µg/L to 0.000250 J µg/L (station W027 in Multnomah Channel);

· T-EDI/NB:
0.000205 J µg/L to 0.000391 J µg/L (station W005 at RM 3.9); and

· T-EDI/VI:
Not sampled.

PCB concentrations were consistently lower in high flow samples compared to the low flow and storm water-influenced flow samples, suggesting that inflow concentrations at high flow rates overwhelm local effects and PCB concentrations.  

It is apparent that there is a source of PCBs in the Downtown Reach (between RM 11 and RM 16), since all sample events show the concentrations at the RM 11 transect are consistently greater than RM 16 transect. During three of the four low flow sampling events (March 2005, July 2005, and September 2006), there is indication that sources of PCBs are located between RM 11 and RM 6. However, the November 2004 low flow event did not show this same trend. Two of the low flow events (July 2005 and September 2006) indicate that there is also a source between RM 6 and RM 4 that sustains the elevated concentrations. The February 2007 high flow sampling event indicates that there is a source of PCBs between RM 6 and RM 4. This source is also apparent in the November 2006 storm water-influenced flow event. Only the storm water-influenced flow indicates that there is a source of PCBs between RM 4 and RM 2.

 

Two of the three highest total PCB concentrations at RM 11 were from the sampling stations on the east side of the channel (Figures 5.4-10a-c), indicating possible sources in this location of the river.  The second highest result at RM 11 was from a Round 2A vertically- and horizontally-integrated transect, and the field crew noted storm water runoff entering the east side of the channel during collection of this sample (Jones 2007, pers. comm.).

5.4.6.3 



5.4.6.3.1 









5.4.6.3.2 











5.4.6.4 PCB Spatial Distribution 




None of the sample results exceeds the MCL for PCBs (0.5 µg/L). Results from two sample stations exceeded the chronic AWQC for aquatic life (0.014 µg/L): W004 (RM 3.7 at the head of International Slip) and W014 (RM 6.9E in Willamette Cove).  All the sample results exceed the AWQC for human health (0.0000064 µg/L) by one to four orders of magnitude. The majority of the highest total PCB concentrations (>0.001 μg/L) were associated with single-point samples collected during low flow conditions.  

The highest concentrations (>0.01 μg/L) were collected at the following stations: 

· W004 (RM 3.7E at the head of International Slip), 

· W013 and W014 (RM 6.9E in Willamette Cove). 

The next highest concentrations (<0.01>0.001 μg/L) were collected at the following stations during low flow conditions: 

· W001 (RM 2.0E), 

· W015 (RM 6.9W), 

· W016 (RM 7.2W), 

· W018 (in Swan Island Lagoon), 

· W019 (RM 8.6W), and 

· W020 (RM 9.7W) 

and during the storm water-influenced flow event at the following stations: 

· W025 (RM 2.0E), 

· W028 (RM 3.6E), and 

· W030 (RM 5.5). 

These data suggest that local PCB sources may exist in these regions of the Study Area.  
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5.4.7 Total PCDD/Fs and TCDD TEQ in Surface Water

Total PCDD/F and TCDD TEQ data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), Tables 5.4-12 through 5.4-15 (low flow events), and Tables 5.4-17 through 5.4-20 (storm water-influenced events). All PCDD/F and TCDD TEQ surface water sample results are presented in Tables 5.4-22 and 5.4-23 by sample event and sample ID number.


Dissolved and particulate PCDD/F congener concentrations in surface water XAD columns and filters and concentrations from the peristaltic pump samples are presented in stacked bar graphs by flow event and by river mile/channel position on Figures 5.4-14a-c and 5.4-15a-b. Dissolved and particulate TCDD TEQ concentrations in surface water are presented similarly on Figures 5.4-18a-c and 5.4-19a-b.

5.4.8 Total PCDD/F concentrations at the transect locations as a function of flow rate is presented on Figure 5.4-16. The data points presented in this figure are averages of all data points collected at a particular transect for each measured flow event.  

5.4.9 Figure 5.4-17 presents a scatter plot of all Total PCDD/F surface water data. Note the symbols and colors indicate the sample type—point vs. transect—and the general flow conditions of the sampling event—low flow, storm-water-influenced, or high flow).

5.4.9.1 Total PCDD/Fs and TCDD TEQ Data 

5.4.9.2 Total PCDD/Fs Data

Total PCDD/Fs were analyzed as PCDD/F congeners in high-volume surface water samples by HRGC/HRMS in 77 of the total 123 XAD samples collected; 7 SP-NS samples, 16 SP-NB samples, 11 transect EDI-VI samples, 18 SP-VI samples, 13 transect EDI-NS samples, and 12 transect EDI-NB samples.  

Total PCDD/F congener concentrations, calculated as the sum of the dissolved (XAD column) and particulate (XAD filter) concentrations, were detected in all samples. 

Total PCDD/F concentrations in samples collected during low flow conditions ranged as follows:


· SP-NS:
Not sampled;

· SP-NB:
0.000031 μg/L to 0.000162 μg/L (station W013 at RM 6.9E);


· T-VI:
0.000006 J µg/L to 0.000027 J µg/L (station W023E at RM 11);

· T-EDI/NS:
0.000018 J µg/L to 0.000026 J µg/L (station W027 in Multnomah Channel);

· T-EDI/NB:
0.000028 J µg/L to 0.000052 J µg/L (station W005 at RM 3.9); and

· T-EDI/VI:
0.000017 J µg/L to 0.000050 J µg/L (station W005 at RM 3.9).

Total PCDD/F concentrations in samples collected during storm water-influenced flow conditions ranged as follows:


· SP-NS: 
0.000038 J μg/L to 0.000054 J μg/L (station W035 in Swan Island Lagoon)


· SP-NB:
0.000036 μg/L to 0.000055 J μg/L (station W032 at RM 6.9E);


· T-VI:

0.000004 J µg/L to 0.000118 µg/L (station W023 at RM 11E);

· T-EDI/NS:
0.000019 J µg/L to 0.000028 µg/L (station W005 at RM 3.9);


· T-EDI/NB:
0.000026 µg/L to 0.000050 µg/L (station W005 at RM 3.9); and


· T-EDI/VI:
Not sampled.


Total PCDD/F concentrations in samples collected during high flow conditions ranged as follows:


· SP-NS:
0.000025 μg/L to 0.000074 μg/L (station W035 in Swan Island Lagoon);

· SP-NB:
0.000027 J μg/L to 0.000075 μg/L (station W035 in Swan Island Lagoon);


· T-VI:
0.000005 J µg/L to 0.000031 J µg/L (station W023 at RM 11E);

· T-EDI/NS:
0.000010 J µg/L to 0.000030 J µg/L (station W027 in Multnomah Channel and station W024 at RM 16);

· T-EDI/NB:
0.000008 J µg/L to 0.000029 µg/L (station W027 in Multnomah Channel); and


· T-EDI/VI:
Not sampled.

TCDD TEQ Data


TCDD TEQ were calculated in 77 of the total 123 XAD samples collected; 7 SP-NS samples, 16 SP-NB samples, 11 transect EDI-VI samples, 18 SP-VI samples, 13 transect EDI-NS samples, and 12 transect EDI-NB samples.  Stacked bar graphs depicting TCDD TEQ concentrations in the surface water dissolved (XAD column) and particulate (XAD filter) samples by flow condition and river mile are presented on Figures 5.4-18a-c and 5.4-19a-b. 

TCDD TEQ concentrations, calculated as the sum of the dissolved (XAD column) and particulate (XAD filter) TCDD toxicity equivalent concentrations of each dioxin/furan congener, were detected in all samples. 

TCDD TEQ concentrations in samples collected during low flow conditions ranged as follows:


· SP-NS:
Not sampled;


· SP-NB:
1.1x10-7 μg/L to 9.17x10-7 μg/L (station W013 at RM 6.9E);


· T-VI:
1.81x10-8 J µg/L to 6.43x10-8 J µg/L (station W023E at RM 11);

· T-EDI/NS:
2.69x10-8 J µg/L to 9.17x10-8 J µg/L (station W027 in Multnomah Channel);

· T-EDI/NB:
9.28x10-8 J µg/L to 1.97x10-7 J µg/L (station W005 at RM 3.9); and


· T-EDI/VI:
4.3x10-8 J µg/L to 3.27x10-7 J µg/L (station W005 at RM 3.9).

TCDD TEQ concentrations in samples collected during storm water-influenced flow conditions ranged as follows:


· SP-NS:
7.77x10-8 J μg/L to 1.36x10-7 J μg/L (station W023 in Swan Island Lagoon);


· SP-NB:
1.01x10-7 μg/L to 2.12x10-7 J μg/L (station W033 at RM 7W);


· T-VI:
9.55x10-9 J µg/L to 2.78x10-7 µg/L (station W023 at RM 11E);

· T-EDI/NS:
3.73x10-8 J µg/L to 7.29x10-7 µg/L (station W027 in Multnomah Channel);

· T-EDI/NB:
8.9x10-8 µg/L to 1.09x10-7 µg/L (station W027 in Multnomah Channel);


· T-EDI/VI:
Not sampled.


Total PCDD/F concentrations in samples collected during high flow conditions ranged as follows:


· SP-NS:
5.09x10-8 μg/L to 1.68x10-7 μg/L (station W035 in Swan Island Lagoon);


· SP-NB:
4.91x10-8 J μg/L to 1.49x10-7 μg/L (station W035 in Swan Island Lagoon);


· T-VI:
1.13x10-8 J µg/L to 6.57x10-8 J µg/L (station W023 at RM 11E);

· T-EDI/NS:
2.38x10-8 J µg/L to 6.73x10-8 J µg/L (station W027 in Multnomah Channel);

· T-EDI/NB:
1.65x10-8 J µg/L to 6.82x10-8 µg/L (station W005 at RM 3.9); and


· T-EDI/VI:
Not sampled.

5.4.9.3 PCDD/F Relationships to Flow Rate 

Figure 5.4-16 shows that the concentrations are overwhelmed by localized affects and there does not appear to be an overall trend between total PCDD/F values and flow conditions. It is apparent that there is a source of PCDD/Fs in the Downtown Reach (between RM 11 and RM 16), since all sample events show the concentrations at the RM 11 transect are consistently greater than concentrations at the RM 16 transect. During three of the four low flow sampling events (March 2005, July 2005, and September 2006), there is indication that sources of PCDD/Fs are located between RM 11 and RM 6.3. The July 2005 low flow event indicates that there is also a source between RM 6.3 and RM 3.9 that greatly increases the PCDD/Fs concentrations. The storm water-influenced flow indicates that there is a source of PCDD/Fs between RM 3.9 and RM 2; the February 2007 high flow event shows a similar pattern. Concentrations of PCDD/Fs leaving the Study Area in Multnomah Channel were consistently higher than RM 16 upstream of the Study Area, while concentrations at RM 2 were consistently lower than RM 16 and Multnomah Channel. 









5.4.9.4 PCDD/F and TCDD TEQ Spatial Distribution 

There are no AWQC for total PCDD/F. None of the sample results exceed the MCL for TCDD TEQ (3x10-5 µg/L) or the chronic AWQC for aquatic life (3.8x10-4 µg/L).  All the sample results exceed the AWQC for human health (5.1x10-10 µg/L) by one to three orders of magnitude. The majority of the highest total concentrations (>1x10-7 μg/L) were associated with both transect and single-point samples collected predominantly during low flow and storm water-induced flow conditions.  

The highest concentrations were collected at the following stations during low flow events:


· W005 (transect at RM 3.9),


· W011 (transect at RM 6.3),


· W013 (RM 6.9E), and


· W015 (RM 6.9W)


and during the storm water-influenced flow event at the following stations: 


· W005 (transect at RM 3.9),


· W023 (RM 11E),


· W027 (transect in Multnomah Channel),


· W032 (RM 6.9E),


· W033 (RM 7.0W), and


· W035 (Swan Island Lagoon).


The only sample with a high concentration collected during high flow events was in Swan Island Lagoon.These data suggest that local PCDD/F sources may exist in these regions of the Study Area.  
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5.4.10 Total DDx in Surface Water

Total
 DDx data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), Tables 5.4-12 through 5.4-15 (low flow events), and Tables 5.4-17 through 5.4-20 (storm water-influenced events). All DDx surface water sample results are presented in Table 5.4-26 by sample event and sample ID number.


Dissolved and particulate DDx concentrations in surface water XAD columns and filters and DDx concentrations from the peristaltic pumps are presented in stacked bar graphs by flow event on Figures 5.4-20a-c and by river mile/channel position on Figures 5.4-21a-c.


Total DDx concentrations at the transect locations as a function of flow rate are presented on Figure 5.4-22. The data points presented in this figure are averages of all data points collected at a particular transect for each measured flow event.  


Figures 5.4-23a-b present a scatter plot of all Total DDx surface water data. Note the symbols and colors indicate the sample type—point vs. transect—and the general flow conditions of the sampling event—low flow, storm water-influenced, or high flow.)

Total DDx Data 

DDx contaminants were analyzed by EPA method 8081A in 79 of the total 163 peristaltic samples collected; 54 SP-NB samples, ten SP-NS samples, nine SP-VI samples, two T-NB samples, and four T-NS samples. High-volume surface water samples (XAD samples) were analyzed for DDx contaminants by AXYS Method MLA-028 (Rev 1 or 2)
 in 88 of the total 123 XAD samples collected; 24 SP-NB samples, nine SP-NS samples, 12 T-NB samples, 12 T-NS samples, and 31 T-VI samples.

DDx contaminants were not detected in the majority of the peristaltic samples (52 of 79 nondetect samples) with detection limits ranging from 0.000472 to 0.0015 µg/L, which is one to two orders of magnitude less than the EPA RSLs for tapwater (which range from 0.027 µg/L for DDD to 0.2 µg/L for 4-4’-DDE, and DDT).  Most detection limits are also less than the chronic Oregon water quality criterion for aquatic life (0.001 µg/L for 4,4'-DDT).  Only three of the 52 detection limits exceed 0.001 µg/L.


DDx contaminants were detected in all of the XAD samples (column sample or filter sample or both).
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5.4.10.2 DDx Relationships to Flow Rate


Total DDx concentrations are subsequently listed as measured in the peristaltic samples or calculated as the sum of the dissolved (XAD column) and particulate (XAD filter) concentrations. Total DDx concentrations in samples collected during low flow conditions ranged as follows (the station listed is for the maximum):

· SP-NB:
0.00000763 J µg/L to 0.0187 J µg/L (station W001 at RM 2.0E)


· SP-NS:
Not sampled

· SP-VI:
Not sampled

· T-NB:
0.0000299 J µg/L to 0.000546 J µg/L (station W005 at RM 3.9)


· T-NS:
0.0000166 J µg/L to 0.0005 J µg/L (station W027 at Multnomah Channel)

· T-VI:
0.0000104 J µg/L to 0.000322 J µg/L (station W025 at RM 2W)

Total DDx concentrations in samples collected during storm water-influenced flow conditions ranged as follows (the station listed is for the maximum):


· SP-NB: 
0.0000469 J µg/L to 0.0047 J µg/L (station W037 at RM 9.6W)


· SP-NS: 
0.0000193 J µg/L to 0.0025 J µg/L (station W029 at RM 4.4W)


· SP-VI: 
Not sampled


· T-NB: 
0.0000378 J µg/L to 0.000201 J µg/L (station W011 at RM 6.3)


· T-NS: 
0.00000786 J µg/L to 0.0029 J µg/L (station W031 at RM 6.1W)


· T-VI: 
0.00003 J µg/L to  0.000184 J µg/L (station W025 at RM 2W)

Total DDx concentrations in samples collected during high flow conditions ranged as follows (the station listed is for the maximum):

· SP-NB:
0.000119 J µg/L to 0.00205 J µg/L (station W037 at RM 9.6W)


· SP-NS:
0.000105 J µg/L to 0.00096 J µg/L (station W029 at RM 4.4W)

· SP-VI:
Not sampled

· T-NB:
0.00013 J µg/L to  0.000578 J µg/L (station W005 at RM 3.9)


· T-NS:
0.000124 J µg/L to  0.000535 J  µg/L (station W005 at RM 3.9)

· T-VI:
0.0000296 J  µg/L to  0.000618 J  µg/L (station W023 at RM 11E)

With the exception of the highest total DDx concentrations that were measured at RM 6.9 and 7.2 and a single high concentration measured at RM 2 (March 2005), the range of total DDx concentrations detected was fairly consistent. Total DDx concentrations in surface water transect stations (Figure 5.4-23a-b) were generally higher in high flow samples than in those associated with the low flow and storm water-influenced samples.  

5.4.10.3 DDx Spatial Distribution

None of the samples exceed the EPA RSLs for DDx contaminants (which range from 0.027 µg/L for DDD to 0.2 µg/L for 4,4'-DDE and DDT). Results from twenty sample stations exceeded the chronic Oregon water quality criterion for aquatic life (0.001 µg/L for 4,4'-DDT) by a factor of 1 to 19.

The highest concentrations (>0.003 μg/L) were collected at the following stations during low flow events: 


· W001 (RM 2.0E), 


· W015 (RM 6.9W) on three dates, and


· W016 (RM 7.2W),


and during the storm water-influenced flow event at stations:


· W030 (RM 5.5E), and


· W037 (RM 9.6W).


The highest XAD concentrations were measured in single‑point samples collected during low flow conditions near the middle of the Study Area at RM 6.9 (station W015; 0.00359 to 0.00766 µg/L) and RM 7.2 (station W016; 0.00124 J to 0.00976 µg/L).  Excluding these higher concentrations, the overall range of observed concentrations across the Study Area and upstream to RM 16 was fairly consistent.  The storm water-influenced and low flow sample concentrations covered a low range through RM 16 and 11 and increased around RM 7.5, suggesting a potential source or sources in this portion of the Study Area.

5.4.10.4 



5.4.10.4.1 







5.4.10.4.2 





5.4.10.5 













5.4.11 Total PAHs in Surface Water


PAH data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single point samples are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), 5.4-12 through 5.4-15 (low flow events), and 5.4-17 through 5.4-20 (storm water-influenced events). All PAH surface water samples are presented in Table 5.4-25 by sample event and sample ID number.


Dissolved and particulate PAH concentrations in surface water XAD columns and filters and PAH concentrations from the peristaltic pump samples are presented in stacked bar graphs by flow event in Figures 5.4-24a-c and by river mile/channel position in Figures 5.4-25a-d.

Figures 5.4-26a-b present a scatter plot of all PAH surface water data. Note the symbols and colors indicate the sample type—point vs. transect—and the general flow conditions of the sampling event—low flow, storm water-influenced, or high flow).

PAH concentrations at the transect locations as a function of flow rate are presented in Figure 5.4-27. The values presented in this figure are averages of all measurements collected at a particular transect for each measured flow event.  


5.4.11.1 Total PAH Data


PAH were analyzed by HRGC/LRMS in 151 of the 162 peristaltic sample events
;
 61 SP-NB, 12 SP-NS, 9 SB-VI, 19 T-NB, 19 T-NS, and 31 T-VI samples. High-volume surface water samples (XAD samples) were analyzed by HRGC/HRMS in 68 of the total 114 XAD sample events;  14 SP-NB, 5 SP-NS, 9 T-NB, 9 T-NS, and 31 T-VI samples.  

PAH were detected in just over half of the peristaltic samples (88 of 151 samples) with detection limits for the non-detects ranging from 0.0065 to 0.043 µg/L.  PAH were detected in all the XAD samples (column sample or filter sample or both). The detection limits in non-detect peristaltic samples were well below the MCL for benzo(a)pyrene (0.2 µg/L), but intersect the range of RSLs for carcinogenic PAH (0.0000865 µg/L for 7,12-dimethylbenz(a)anthracene to 0.14 µg/L for naphthalene).  There are no National or Oregon-specific water quality criteria for freshwater aquatic life for any PAH.  The highest detected PAH value of 7.4 µg/L (station W031 at RM 6.1) is well below the Oregon-specific water quality guidance for the only two PAH for which there is any such guidance (acenaphthene: 520 µg/L, and naphthalene: 620 µg/L). 

Detected PAH concentrations are subsequently listed as measured in the peristaltic samples or calculated as the sum of the dissolved (XAD column) and particulate (XAD filter) concentrations. 
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5.4.11.3 PAH Relationships to Flow Rate


Detected PAH concentrations in samples collected during low flow conditions ranged as follows (the station listed is for the maximum): 

· SP-NB:
0.0021 J  µg/L to 2.5 J  µg/L (station W012 at RM 6.3W)


· SP-NS:
Not sampled


· SP-VI:

0.042 J  µg/L to  0.069 J  µg/L (station W020 at RM 9.1 (Swan Island Lagoon))


· T-NB:

0.023 J  µg/L to  0.1 J  µg/L (station W027 at RM Multnomah Channel)


· T-NS:

0.012 J  µg/L to  0.095 J  µg/L (station W027 at RM Multnomah Channel)


· T-VI:

0.002 J  µg/L to  0.099 J  µg/L (station W011 at RM 6.3)

PAH concentrations in samples collected during storm water-influenced flow conditions ranged as follows (the station listed is for the maximum):


· SP-NB: 
0.0066 J  µg/L to  0.098 J  µg/L (Station W029 at RM 4.4W)


· SP-NS: 
0.0046 J µg/L to  0.1 J  µg/L (Station W029 at RM 4.4W)


· SP-VI: 
Not sampled


· T-NB: 
0.0124 J µg/L to  0.12 J  µg/L (Station W033 at RM 7.0W)


· T-NS: 
0.00929 J µg/L to  0.097 J  µg/L (Station W033 at RM 7.0W)


· T-VI: 
0.004 J µg/L to  0.098 J  µg/L (Station W025 at RM 2W)

PAH concentrations in samples collected during high flow conditions ranged as follows (the station listed is for the maximum):


· SP-NB:
0.0053 J µg/L to  0.081 J µg/L  (Station W036 at RM 8.6W)


· SP-NS:
0.0037 J µg/L to  0.31 J µg/L  (Station W036 at RM 8.6W)


· SP-VI:
Not sampled


· T-NB:
0.0046 J µg/L to  7.4  µg/L  (Station W031 at RM 6.1W)


· T-NS:
0.0045 J µg/L to  0.16 J µg/L  (Station W035 at RM 8.5 (Swan Island Lagoon))


· T-VI:
0.00087 J µg/L to  0.082 J µg/L  (Station W023 at RM 11M)


PAH concentrations were generally higher in low flow samples as compared to the high flow and storm water-influenced flow samples, suggesting that inflow concentrations at high flow rates overwhelm local effects and PAH concentrations (Figure 5.4-24a-c
).  The transect samples (Figure 5.4-27) suggest that there is a source of PAHs in the Downtown Reach (between RM 11 and RM 16
), since all but the storm water events show the concentrations at the RM 11 transect greater than RM 16 transect. During three of the four low flow sampling events (November 2004, July 2005, and September 2006), one high flow event (January 2006) and the storm water event (November 2006), there is some indication that sources of PAH are located between RM 11 and RM 6. However, the March 2005 low flow event did not show this same trend. Two of the low flow events (July 2005 and September 2006) indicate that there is also a source between RM 6 and RM 4, and this is also indicated by a high flow event (February 2007) and the storm water event (November 2006). 



5.4.11.4 PAH Spatial Distribution


Six of the sample concentrations for PAH exceeded the MCL for benzo(a)pyrene
 (0.2 µg/L). These were recorded at the following stations:


· WO31 (RM 6.1W) 7.4 µg/L (February 2007, high flow)


· WO12 (RM 6.3W) 2.5 µg/L (July 2005, low flow)


· WO12 (RM 6.3W) 1.3 µg/L (November 2004, low flow)


· WO21 (RM 8.7 in Swan Island Lagoon) 0.31 µg/L (July 2005, low flow) 


· WO36 (RM 8.6W) 0.31 µg/L (February 2007, high flow)


· WO15 (RM 6.9W) 0.234 µg/L (July 2005, low flow)


All but the last of these were measured in Persistaltic samples.  The first three appear to be distinct outliers on the distribution of Peristaltic samples
.  All detected samples, and all the detection limits for non-detect samples, exceed the lowest RSL for any PAH (0.000086 µg/L for 7,12-dimethylbenze(a)anthracene); and 127 (of 219) samples exceed the RSL (0.029 µg/L) for the prototypical PAH benzo(a)pyrene, with a further two non-detects exceeding this value.  Compared with the ODEQ criterion for human health for the carcinogenic PAH (0.0013 µg/L) or the NRWQC for human health for carcinogenic PAH (0.0038 µg/L),
 all 156 detected samples exceeded and 63 were non-detects with detection limits exceeding; no sample was measured at a lower concentration. 

All measured concentrations are below the two PAH NRWQC for freshwater aquatic life (acenaphthene: 520 µg/L, and naphthalene: 620 µg/L).  ODEQ has no criteria for PAH for freshwater aquatic life.    
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5.4.12 BEHP in Surface Water

BEHP data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), Tables 5.4-12 through 5-4.14 (low flow events), and 5.4-17 through 5.4-20 (storm water-influenced events). All BEHP surface water sample results are presented in Table 5.4-26 by sample event and sample ID number.

Dissolved and particulate BEHP concentrations in surface water XAD columns and filters and BEHP concentrations from the peristaltic pumps are presented in stacked bar graphs by flow event and by river mile/channel position on Figures 5.4-28a-c and 5.4-29a-b, respectively.


Figure 5.4-30 presents a scatter plot of all BEHP surface water data. Note the symbols and colors indicate the sample type—point vs. transect—and the general flow conditions of the sampling event—low flow, storm water-influenced, or high flow.  


5.4.13 BEHP concentrations at the transect locations as a function of flow rate are presented on Figure 5.4-31. The data points presented in this figure are averages of all data points collected at a particular transect for each measured flow event.

5.4.14 BEHP Data 

BEHP was analyzed by EPA methods 8270C or 525.2 in all
 of the total 163 peristaltic samples collected; 66 SP-NB samples, 12 SP-NS samples, nine SP-VI samples, 22 T-NB samples, 22 T-NS samples, and 32 T-VI samples. BEHP was analyzed in high-volume surface water samples (XAD samples) by AXYS Method MLA-027 Rev 01
 in 24 of the total 123 XAD samples collected; 15 SP-NB samples and nine T-VI samples.  

BEHP was not detected in the majority of the peristaltic samples (148 of 163 samples) with detection limits ranging from 0.098 to 4.1 µg/L, which are less than the MCL (6 µg/L).  All but one of the detection limits are also less than the selected TRV from the BERA (the Tier II Secondary Chronic Value; 3.0 µg/L). 


Detections of BEHP were limited to 15 samples collected during the Round 3A sampling event at the following stations: 


· W005 (T-NS and T-NB; RM 3.9), 


· W011 (T-NB; RM 6.3), 


· W023 (T-VI; RM 11M), 


· W024 (T-NB; RM 16),


· W025 (T-VI; RM 2E and 2W),


· W027 (T-NB; Multnomah Channel),


· W029 (SP-NB; RM 4.4W),


· W032 (SP-NB; RM 6.9E),


· W033 (T-NS; RM 7.0W), and


· W036 (SP-NS; RM 8.6W).


Detected BEHP concentrations in peristaltic samples ranged from 0.7 µg/L to 6.8 J µg/L.  During low flow conditions, BEHP was detected in four samples at concentrations ranging from 0.7 µg/L to 1.5 µg/L (T-VI sample; station W025 at RM 2E).  During storm water-influenced flow conditions, BEHP was detected in one T-NB sample at a concentration of 6.8 J µg/L (station W005 at RM 3.9).  During high flow conditions, BEHP was detected in 10 samples at concentrations ranging from 0.98 J µg/L to 3.5 J µg/L (SP-NB sample; station W032 at RM 6.9E).


BEHP concentrations, calculated as the sum of the dissolved (XAD column) and particulate (XAD filter) concentrations, were detected in nine of 24 samples, all collected during low flow conditions.  BEHP concentrations in these samples ranged as follows: 


· SP-NB:
0.0078 J μg/L to 0.033 μg/L (station W015 at RM 6.9W);

· T-VI:
0.0091 J µg/L to 0.023 J µg/L (station W023E at RM 11); and

· SP-NS, SP-VI, T-NS, T-NB:
No detects.

5.4.15 BEHP Relationship to Flow Rate


Detected BEHP concentrations and frequencies were relatively consistent regardless of flow rate. The frequency of detection was 5% for low flow event peristaltic sampling results; 24% for high flow event peristaltic sampling results; 3% for storm water flow peristaltic sampling events, and 38% for low flow event XAD sampling results.


Detected BEHP concentrations in low flow peristaltic samples ranged from 0.7 to 1.5 µg/L (station W025 at RM 2E) in September 2006.  Detected BEHP concentrations in high flow peristaltic samples ranged from 0.98 J to 3.5 J µg/L (station W032 at RM 6.9E) in February 2007. BEHP was detected in only one of 37 storm water-influenced flow samples at a concentration of 6.8 J µg/L (station W005 at RM 3.9) in November 2006. 

Detected BEHP concentrations in low flow XAD samples ranged from 0.0078 J µg/L to 0.033 µg/L (station W015 at RM 6.9W).


5.4.16 BEHP Spatial Distribution

One sample result exceeds the MCL for BEHP (6 µg/L). Detected concentrations from two sample stations exceeded the TRV from the BERA (3.0 µg/L): W005 (RM 3.9) and W032 (RM 6.9E). 


The highest concentrations (>3 μg/L) were collected at the following stations: 


· W005 (RM 3.9),


· W032 (RM 6.9E). 


The next highest concentrations (>1.5 μg/L but <3 µg/L) were collected at the following stations during high flow conditions: 


· W036 (RM 8.6W), 


· W011 (RM 6.3), 


· W024 (RM 16), 


· W029 (RM 4.4W), and 


· W025 (RM 2E).

5.4.17 Total Chlordanes in Surface Water

Total chlordanes data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), 5.4-12 through 5.4-15 (low flow events), and Tables 5.4-17 through 5.4-20 (storm water-influenced events). All chlordanes surface water sample results are presented in Table 5.4-27 by sample event and sample ID number.

Total chlordanes concentrations in surface water XAD columns and filters as well as concentrations from the peristaltic pumps are presented in stacked bar graphs by flow low flow, storm water-influenced, or high flow events and by river mile/channel position on Figures 5.4-32a-c and 5.4-33a-c, respectively.

Figure 5.4-34 presents a scatter plot of total chlordane surface water data. Note the symbols and colors indicate the sample type—point vs. transect—and the general flow conditions of the sampling event—low flow, storm water-influenced, or high flow).

Total chlordane concentrations at the transect locations as a function of flow rate is presented on Figure 5.4-35. The data points presented in this figure are averages of all data points collected at a particular transect for each measured flow event.  

5.4.17.1 Total Chlordanes Data

Total chlordanes were analyzed by EPA Method 8081A for all of the 78 peristaltic samples collected.  High-volume surface water samples (XAD samples) were analyzed for total chlordanes by the AXYS method for pesticides for each of the 76 XAD samples collected.  

5.4.17.2 Chlordanes were not detected in the majority of the peristaltic samples (74 of 78 nondetect samples) with total chlordane concentrations ranging from 0.0010 µg/L to 0.0029 µg/L and detection limits for undetected results ranging from 0.0024 to 0.00047 µg/L. Total chlordanes were identified in each of the 76 XAD samples, with detected concentrations ranging from 0.000014 µg/L to 0.00024 µg/L. All of these detected and undetected results are below the acute (2.4 µg/L) and chronic (0.0043 µg/L) Oregon water quality criteria for aquatic life as well as the MCL (2 µg/L). All of the peristaltic detected and undetected results are greater than the Oregon water quality criterion for human health (0.000081 µg/L) that is protective of drinking water plus the consumption of organisms. The majority of 76 XAD samples are less than this criterion; only five sample results exceed the criterion, with concentrations ranging from 0.000083 µg/L to 0.00024 µg/L. These results suggest that the XAD samples analyzed using the AXYS method for pesticides achieved sufficiently low detection limits to determine that total chlordanes are below applicable human health and ecological criteria in the majority of samples and there does not appear to be total chlordanes source areas of contamination.   

5.4.17.3 Total Chlordanes Relationship to Flow Rate


Detected total chlordanes concentrations were relatively consistent, with concentrations slightly higher during high flow conditions.  Of the four peristaltic sample results that exceed the lowest AWQC human health criterion (0.000081 µg/L), one was from the low flow event conducted during July 2005 and three were from the high flow event conducted in March 2007. Of the five XAD sample results that exceed the criterion, one is from a low flow event conducted in November 2004 and four are from the high flow events conducted in February and March 2007. All storm water-influenced results are less than applicable human health and ecological criteria.


There were no peristaltic transect samples collected during low flow events. There was one detection out of 50 samples for single-point peristaltic samples collected during low flow events.  XAD single-point sample concentrations ranged from 0.000017 to a maximum of 0.00024 µg/L during July 2005 and transect sample concentrations ranged from 0.000014 to 0.000063 µg/L.


There were no peristaltic transect samples collected during high flow events.  Single-point peristaltic sample concentrations ranged from 0.0010 µg/L to a maximum of 0.0015 µg/L during the high flow event conducted in March 2007.  XAD single-point sample concentrations ranged from 0.000047 µg/L to a maximum concentration of 0.000083 µg/L and transect sample concentrations ranged from 0.000033 µg/L to a maximum of 0.000095 µg/L during the high flow event conducted in March 2007.


All peristaltic single-point and transect sample results were undetected during the storm water-influenced event conducted in November 2006. XAD single-point sample concentrations ranged from 0.000021 to 0.000049 µg/L. XAD transect sample concentrations ranged from 0.000024 to 0.000045 µg/L.

5.4.17.4 Total Chlordanes Spatial Distribution

None of the sample results exceed the 2 µg/L drinking water MCL for total chlordanes, or the ODEQ ecological acute (2.4 µg/L) or chronic (0.0043 µg/L) criteria for the protection of aquatic life.  Each of the four detected concentrations from peristaltic samples exceed the AWQC for human health (0.000081 µg/L). Detection limits were higher for the peristalitic samples than the XAD samples. The samples with concentrations greater than the human health criterion were collected at the following stations:  


· W002 (RM 2.2W),


· W029 4.4W, and


· W030 5.5E, NS and NB.  


The sample from station W002 was collected during the low flow event conducted in July 2005 and the samples from stations W029 and W030 were collected during the high flow event conducted in March 2007.


Lower detection limits were achieved for the XAD samples. Total chlordanes were detected in each of the 76 XAD samples with concentrations in five samples slightly exceeding the AWQC for human health (0.000081 µg/L). The samples were collected at the following stations: 


· W005 (RM 3.9) (two samples), 


· W015 (RM 6.9W), 


· W023E (RM 11E) and


· W031 (RM 6.1W), 


5.4.18 The sample from station W015 was collected during low flow conditions in November 2004; the samples from stations W015 and W023 were collected during high flow conditions in March 2007. The sample from station W031 was collected during high flow conditions in February 2007. The low detection limits for the XAD samples and the low frequency of exceedance of the human health AWQC criterion suggest that specific source areas do not exist for total chlordanes.  
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5.4.19 Aldrin In Surface Water
 

Aldrin data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single point samples are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow samples), Tables 5.4-12 through 5.4-15 (low flow events), and Tables 5.4-17 through 5.4-20 (storm water-influenced events). All aldrin surface water sample results are presented in Table 5.4-28 by sample event and sample ID number.


Dissolved and particulate aldrin concentrations in surface water XAD columns and filters and aldrin concentrations from the peristaltic pumps are presented in stacked bar graphs by flow event type on Figures 5.4-36a-c and by river mile/channel position on Figures 5.4-37a-b.

Figure 5.4-38 presents a scatter plot of all aldrin surface water data. Note the symbols and colors indicate the sample type—point vs. transect—and the general flow conditions of the sampling event—low flow, storm water-influenced, or high flow).

Aldrin concentrations at the transect locations as a function of flow rate is presented on Figures 5.4-39. The data points presented in this figure are averages of all data points collected at a particular transect for each measured flow event.  


5.4.10.1 Aldrin Data

Aldrin was measured by EPA method 8081A in 79
 of the total 162 peristaltic sample events
;
 54 SP-NB, 10 SP-NS, 9 SB-VI, 2 T-NB, and 4 T-NS samples. High-volume surface water samples (XAD samples) were analyzed by HRGC/HRMS in 88 of the total 123 XAD samples collected; 24 SP-NB, 9 SP-NS, 12 T-NB, 12 T-NS, and 31 T-VI samples.  

Aldrin was not detected in all but one of the peristaltic samples, with detection limits ranging from 0.000057 to 0.0058 µg/L; all but 4 of these detection limits were less than 0.001 µg/L. The single detect was a SP-NB measurement of 0.0052 μg/L at WO30 (RM 5.5E) during high flow.  Since this was 319 times the highest detect in the XAD data (discussed below), and the non-detect SP-NS sample at the same location and time had the (higher) detection level of 0.0058 µg/L, this detection must be considered suspect.  For comparison, the ODEQ water quality criterion for human health is 0.000005 µg/L, although there are no chronic water quality criteria for aquatic life and all measurements and detection limits were far below the acute criterion for aquatic life of 3.0 μg/L (ODEQ and NRWQC). 

5.4.20 Aldrin concentrations, calculated as the sum of the dissolved (XAD column) and particulate (XAD filter) concentrations,
 were detected in 76 of the 88 samples, with detection limits in the non-detects ranging from 0.000000613 to 0.0000186 μg/L.   

 5.4.10.2 Aldrin Relationship to Flow Rate


Detected aldrin concentrations in samples collected during low-flow conditions ranged as follows (the station listed is for the maximum): 

· SP-NB:
 0.00000031 J µg/L to  0.0000163 J µg/L (station W015 at RM 6.9W)


· SP-NS:
 Not sampled


· SP-VI:
 Not sampled


· T-NB:
 0.00000439 J µg/L to  0.00000662 J µg/L (station W005 at RM 3.9)


· T-NS:
 0.000001791 J µg/L to  0.0000046 J µg/L (station W027 at Multnomah Channel)


· T-VI:
 0.000000296 J µg/L to  0.00000409 J µg/L (station W025 at RM 2E)

Detected aldrin concentrations in samples collected during storm water-influenced flow conditions ranged as follows (the station listed is for the maximum):


· SP-NB:
 0.00000141 J µg/L to  0.00000366 J µg/L (station W031 at RM 6.1W)


· SP-NS:
 0.000000635 J µg/L to  0.00000484 J µg/L (station W033 at RM 7.0W)


· SP-VI:
 Not sampled


· T-NB:
 0.00000201 J µg/L to  0.00000575 J µg/L (station W027 at Multnomah Channel)


· T-NS:
 0.00000204 J µg/L to  0.00000263 J µg/L (station W027 at Multnomah Channel)


· T-VI:
 0.0000011 J µg/L to  0.00000326 J µg/L (station W025 at RM 2W)

Detected aldrin concentrations in samples collected during high flow conditions ranged as follows (the station listed is for the maximum):


· SP-NB:
 0.000000514 J µg/L to  0.00000301 J µg/L (station W030 at RM 5.5E)


· SP-NS:
 0.00000245 J µg/L to  0.00000352 J µg/L (station W035 at RM 8.5 in Swan Island Lagoon)


· SP-VI:
 Not sampled


· T-NB:
 0.00000281J µg/L to  0.00000475 J µg/L (station W027 at Multnomah Channel)


· T-NS:
 0.00000257 J µg/L to  0.000004 J µg/L (station W005 at RM 3.9)


· T-VI:
 0.00000124 J µg/L to  0.00000599 J µg/L (station W025 at RM 2M)

Average aldrin concentrations were slightly lower in the low flow than in the high flow XAD samples.  The aldrin concentrations in the storm water-influenced samples may have been higher or lower than either — the proportion of non-detect samples and their detection limits results in ambiguity. 


5.4.21 Concentration trends along the river were examined by using T-VI XAD samples, either single samples (November 2004, March 2005, July 2005, January 2006, January 2007, March 2007) or averages of East, West, and Middle samples (September 2006, November 2006
). Low flow samples are consistent in showing a decreasing concentration trend between RM 6 and 1 in the three events with suitable samples (November 2004, March 2005, July 2005), consistent with no sources in this range.  The high flow event of January 2006 and the storm water event of November 2006 indicate an increasing concentration between RM 3 and RM 1, suggesting sources within that range, although interpretation of the storm water event is ambiguous because of non-detects.  One low flow event (September 2006) and one high flow event (January 2007) showed an increase in concentration between RM 11 and RM 2, suggesting sources within that range, while a second high flow event (March 2007) showed a decrease in concentration.

 5.4.10.2 Aldrin Spatial Distribution


There is no MCL for aldrin.  All (XAD and peristaltic) sample detections and detection limits for non-detects were below the RSL for tapwater (0.004 µg/L), except for the one peristaltic detect and detection limit discussed above.  Five XAD samples exceeded the ODEQ criterion for human health (water + organisms) of 0.000005 µg/L:


· W011
(RM 6.3 T-NB)


· W027
(Multnomah Channel T-NB)


· W025
(RM 2M T-VI)


· W005
(RM 3.9 T-NB)


· W015
(RM 6.9W SP-NB)

and none of the XAD samples exceeded the NRWQC of 0.000049 µg/L.


The highest XAD concentration measurement of 0.0000163 µg/L was in a SP-NB measurement at W015 (RM 6.9W) but the nearest available measurements in W032 and W033 and downriver in W011 do not suggest a source area.


5.4.22 Dieldrin in Surface Water

Dieldrin data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), Tables 5.4-12 through 5.4.15 (low flow events), and Tables 5.4-17 through 5.4-20 (storm water-influenced events). All dieldrin surface water sample results are presented in Table 5.4-29 by sample event and sample ID number.


Dieldrin concentrations in surface water XAD columns and filters and dieldrin concentrations from the peristaltic pumps are presented in stacked bar graphs by flow event and by river mile/channel position on Figures 5.4-40a-c and 5.4-41a-b.

Figure 5.4-42 presents a scatter plot of all dieldrin surface water data. Note the symbols and colors indicate the sample type—point vs. transect—and the general flow conditions of the sampling event—low flow, storm water-influenced, or high flow).

Dieldrin concentrations at the transect locations as a function of flow rate is presented on Figure 5.4-43. The data points presented in this figure are averages of all data points collected at a particular transect for each measured flow event.  


5.4.22.1 Dieldrin Data 

Dieldrin was analyzed by EPA method 8081 and 8081A for the 79 peristaltic samples and by AXYS method for pesticides for the 88 XAD samples. Dieldrin was detected in only 3 of 79 (3.8%) of the peristaltic samples. Dieldrin was detected in all 88 XAD samples.


The range of detected concentrations in the 3 SP-NB peristaltic samples in which dieldrin was detected was 0.0010 to 0.0012 μg/L (W036, RM 8.6, February 2007) and W028, RM 3.6E, March 2007).


Dieldrin concentrations, calculated as the sum of the XAD column and XAD filter concentrations, ranged from 0.0000167 to 0.000384 µg/L. The range of dieldrin concentrations measured under all flow conditions, by XAD sample type, are presented below.


· SP-NB:
0.0000227 to 0.0001362 J μg/L


· SP-NS:
0.0000319 J to 0.0001298 J μg/L


· T-NB:
0.0000306 J to 0.0001577 µg/L 


· T-NS:
0.00000322 J to 0.0001593 J µg/L 

· T-VI:
0.00001673 J to 0.0003837 J µg/L

5.4.22.2 Dieldrin Relationships to Flow Rate

Where detected, dieldrin concentrations were relatively consistent in both low flow and high flow samples, and were also relatively similar across sample types. The range of dieldrin concentrations by XAD sample type are presented below.


Low Flow XAD (combined column + filter) 

· SP-NB:
0.0000227 to 0.0000625 μg/L (W015 at RM 6.9W, November 2004)

· SP-NS:
Not Sampled

· T-NB:
0.00003481 J to 0.00004866 J µg/L (W005 at RM 3.5, September 2006)

· T-NS:
0.0000353 J to 0.00004703 J µg/L (W005 at RM 3.5, September 2006)

· T-VI:
0.00001673 J to 0.00004615 J µg/L (W023 at RM 11, September 2006)

High Flow XAD (combined column + filter)

· SP-NB:
0.0001096 J to 0.0001362 J μg/L (W031 at RM 6.1W, February 2007)

· SP-NS:
0.0001085 J to 0.0001298 J μg/L (W031 at RM 6.1W, February 2007)

· T-NB:
ND to 0.0001577 µg/L (W027 at Multnomah Channel , February 2007)

· T-NS:
ND to 0.0001593 J µg/L (W005 at RM 3.9, March 2007)

· T-VI:
0.000051 to 0.000384 µg/L (W005 at RM 3.9, January 2006)

Storm Event XAD (combined column + filter)

· SP-NB:
0.00003617 J to 0.00005005 J µg/L (W031 at RM 6.1W, November 2006)

· SP-NS:
0.0000319 J to 0.0000498 J µg/L (W031 at RM 6.1, November 2006)

· T-NB:
0.0000306 J to 0.00004815 J µg/L (W024 at RM 16, November 2006)

· T-NS:
0.0000322 J to 0.00005367 J µg/L (W024 at RM 16, November 2006)

· T-VI:
0.0000251 J to 0.0000387 J µg/L (W023 at RM 11, November 2006)

5.4.22.3 Dieldrin Spatial Distribution

Several of the surface water samples analyzed for dieldrin exceeded the human health NRWQC value developed to be protective of drinking water and consumption of organisms (0.000052 µg/L, based on carcinogenic risk of 10-6). Most of the exceedances were found in high flow XAD samples collected from January 2007 to March 2007, with no apparent pattern of higher concentrations linked to specific sampling locations. One low flow XAD sample (W015, RM 6.9W, November 2004) exceeded this human health threshold. Storm water-influenced flow results approached this human health criterion in several samples and exceeded the criterion in one sample collected in November 2006 (W024 at RM 16). One low flow XAD sample (W015 at RM 6.9W, November 2004) exceeded this human health threshold. No sample result exceeded the dieldrin chronic NRWQC for protection of aquatic life (0.056 µg/L).
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5.4.23 Arsenic in Surface Water

Arsenic data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples are summarized by flow event in Tables 5.4-7 through 5.5-10 (high flow events), Tables 5.4-12 through 5.4-15 (low flow events), and Tables 5.4-17 through 5.4-20 (storm water-influenced events). All total and dissolved arsenic surface water sample results are presented in Tables 5.4-30 and 5.4-31, respectively, by sample event and sample ID number. Dissolved and particulate arsenic concentrations in surface water collected from  peristaltic pumps are presented in stacked bar graphs by flow event on Figures 5.4-44a-c and by river mile/channel position on Figure 5.4-45.


Figure 5.4-46 presents a scatter plot of all arsenic surface water data. Note the symbols and colors indicate the sample type—point vs. transect—and the general flow conditions of the sampling event—low flow, storm water-influenced, or high flow).

Arsenic concentrations at the transect locations as a function of flow rate are presented on Figure 5.4-47. The data points presented in this figure are averages of all data points collected at a particular transect for each measured flow event.  

5.4.23.1 Arsenic Data 


Peristaltic samples were collected and analyzed by EPA Method 6020 for total and dissolved arsenic during Rounds 2A and 3A. Arsenic was detected in 78 percent of the 174 dissolved samples and 90 percent of 174 total samples during the Round 2A and 3A sampling events.  

Total arsenic concentrations were generally consistent across the entire Study Area during the Round 2A and 3A sampling events. The overall range of detected concentrations for all total arsenic samples was narrow, ranging from 0.25 to 0.75 µg/L suggesting that there are no specific source areas for arsenic contamination.   

5.4.23.2 Arsenic Relationship to Flow Rate

Detected arsenic concentrations were relatively consistent regardless of flow rate; however, frequency of detection was significantly reduced during storm water-influenced events. The frequency of detection was 100% for total arsenic and 98% for dissolved arsenic for all combined low flow and high flow sampling event sample results. The frequency of detection was 58% for total arsenic and 13% for dissolved arsenic for the storm water-influenced samples.


While concentrations were relatively consistent, in general, concentrations were slightly higher in low flow sampling events with concentrations ranging from 0.33 to 0.75 µg/L compared to high flow sampling events with concentrations ranging from 0.25 to 0.63 µg/L. Thirty-nine storm water-influenced samples displayed a narrow range of detections between 0.43 to 0.53 µg/L. Dissolved and particulate arsenic concentrations in surface water are depicted in histograms by flow event type on Figures 5.4-44a-c for high flow, low flow and storm water-influenced events.  

Total arsenic measured in single-point samples collected during low flow conditions ranged from 0.33 µg/L to 0.75 µg/L at station W001 (RM 2.0E in July 2005).  Dissolved arsenic measured in single-point samples collected during low flow conditions ranged from 0.25 µg/L to 0.64 µg/L at station W001 (RM 2.0E in July 2005). Total arsenic concentrations in transect samples measured during low flow events ranged from 0.35 to 0.64 µg/L (station W025 at RM 2.0E in September 2006). Dissolved arsenic concentrations in transect samples measured during low flow events ranged from 0.19 to 0.60 µg/L (station W025 at RM 2.0M in September 2006).


Total arsenic measured in single-point samples collected during high flow conditions in February 2007 ranged from 0.30 µg/L to 0.63 J µg/L at station W034 (NS; RM 7.5).  Dissolved arsenic measured in single-point samples collected during high flow conditions ranged from 0.19 J µg/L to 0.63 J µg/L in February 2007 at station W037 (NB; RM 9.6W).  Total arsenic concentrations measured in transect samples during high flow ranged from 0.25 to 0.54 µg/L at station W005 (RM 4) and station W023 (RM 6.3), in January 2006. Dissolved arsenic concentrations measured in transect samples during high flow ranged from 0.20 to 0.34 µg/L at station W034 (NS; RM 7.5W) in February 2007. 

5.4.23.3 Total arsenic measured in single-point samples collected during the November 2006 storm water-influenced event ranged from 0.43 J µg/L to 0.53 J µg/L at station W038 (NB; RM 11).  Dissolved arsenic measured in single-point samples ranged from 0.38 J µg/L to 0.48 µg/L at station W038 (NB; RM 11E).  Total arsenic concentrations measured in transect samples during this event ranged from undetected to 0.48 J µg/L at station W005 (NB; RM 4). Dissolved arsenic concentrations measured in transect samples collected during this event ranged from undetected to 0.41 J µg/L at station W034 (NB; RM 7.5W).

5.4.23.4 Arsenic Spatial Distribution

5.4.23.5 All of the total and dissolved arsenic surface water results were less than the drinking water MCL of 10 µg/L and the chronic NRWQC of 150 µg/L for the protection of aquatic life. Conversely, all of the total and dissolved arsenic concentrations exceeded the human health NRWQC value of 0.018 µg/L developed to be protective of drinking water and consumption of organisms. All detected and undetected concentrations were at least an order of magnitude higher, with the minimum detected dissolved concentration of 0.18 µg/L and the lowest undetected reporting limit of 0.37 µg/L.
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5.4.24 Chromium in Surface Water

 Data for chromium in surface water are summarized in Tables 5.4-5 through 5.4-20. Transect samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), 5.4-12 through 5.4-15 (low flow events), and 5.4-17 through 5.4-20 (storm water-influenced events). All total and dissolved chromium surface water sample results are presented in Tables 5.4-32 and 5.4-33, respectively, by sample event and sample ID number.

Dissolved and particulate chromium concentrations in surface water collected from peristaltic pumps are presented in stacked bar graphs by flow event on Figures 5.4-48a-c and by river mile/channel position on Figure 5.4-49. Figure 5.4-50 is a scatter plot of chromium concentrations in surface water by river mile (RM 2-16). The symbols and colors indicate the sample type—point vs. transect—and the general flow conditions of the sampling event—low flow, storm water-influenced, or high flow). Finally, Figure 5.4-51 is a line plot of transect chromium concentrations in surface water by river mile (RM 2-16). The data points presented in this figure are averages of all data points collected at a particular transect for each measured flow event.  

5.4.24.1 Chromium Data 


Peristaltic samples were collected and analyzed by EPA Method 6020 for total and dissolved chromium during Rounds 2A and 3A. Chromium was detected in 34 percent of dissolved samples and 63 percent of total samples during the Round 2A and 3A sampling events.  

Total chromium concentrations were generally consistent across the entire Study Area during the Round 2A and 3A sampling events. The overall range of detected concentrations for all total chromium samples was 0.2 to 1.92 µg/L. The range of detected concentrations of dissolved chromium was narrower, ranging from 0.1 to 0.83 µg/L.    


5.4.24.2 Chromium Relationship to Flow Rate


In general, chromium concentrations were slightly lower in samples collected during low flow sampling events with concentrations of total chromium ranging from 0.2 to 0.91 µg/L compared to results from high flow sampling events where total chromium concentrations ranged from 0.58 to 1.92 µg/L. Dissolved chromium concentrations were generally lower in low flow samples. Dissolved chromium concentrations ranged from 0.43 to 0.83 µg/L in high flow samples and from 0.1 to 0.33 µg/L in low flow samples.

Thirty-nine storm water-influenced samples were analyzed for total and dissolved chromium. Neither total chromium nor dissolved chromium was detected in any of those samples.

Total chromium measured in single-point samples collected during low flow conditions ranged from 0.2 µg/L to 0.91 µg/L at station W004 (RM 3.7E) in March 2005.  Concentrations of total chromium in transect samples measured during low flow events ranged from 0.29 to 0.61 µg/L at station W023 (RM 11) in March 2005.

Dissolved chromium measured in single-point samples collected during low flow conditions ranged from 0.1 µg/L to 0.33 µg/L at station W004 (RM 3.7E) in March 2005.  Concentrations of dissolved chromium in transect samples measured during low flow events ranged from 0.12 to 0.29 µg/L at station W011 (RM 6.3) in July 2005.

Total chromium measured in single-point samples collected during high flow conditions in February 2007 ranged from 0.7 µg/L to 1.7 J µg/L at station W036 (RM 8.6W).  Concentrations of total chromium measured in transect samples during high flow ranged from 0.58 to 1.92 µg/L at station W031 (RM 6.1W) in February 2007.

Dissolved chromium was not detected in any single-point samples collected during high flow conditions. Dissolved chromium concentrations measured in transect samples during high flow conditions ranged from 0.43 to 0.83 µg/L at station W024 (RM 16) in January 2007.


Neither total nor dissolved chromium was detected in any single-point or transect samples collected during the November 2006 storm water-influenced sampling event. 


5.4.24.3 Chromium Spatial Distribution

All of the total and dissolved chromium surface water results were less than the drinking water MCL of 100 µg/L. A human health NRWQC developed to be protective of drinking water and consumption of organisms has not been established for chromium. The chronic NRWQC criterion for protection of aquatic life exposed to dissolved trivalent chromium in surface water, based on a hardness of 25 mg/L CaCO3/L, is 23.8 µg/L. All dissolved chromium concentrations remain below this aquatic life criterion.

5.4.25 Copper in Surface Water

Copper data are summarized in Tables 5.4-5 through 5.4-20. Transect samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), Tables 5.4-12 through 5.4-15 (low flow events), and Tables 5.4-17 through 5.4-20 (storm water-influenced events). All total and dissolved copper surface water sample results are presented in Tables 5.4-34 and 5.4-35, respectively, by sample event and sample ID number.

Dissolved and particulate copper concentrations in surface water collected from peristaltic pumps are presented in stacked bar graphs by flow event on Figures 5.4-52a-c and by river mile/channel position on Figure 5.4-53. Figure 5.4-54 is a scatter plot of copper concentrations in surface water by river mile (RM 2-16). The symbols and colors indicate the sample type—point vs. transect—and the general flow conditions of the sampling event—low flow, storm water-influenced, or high flow). Finally, Figure 5.4-55 is a line plot of transect copper concentrations in surface water by river mile (RM 2-16). The data points presented in this figure are averages of all data points collected at a particular transect for each measured flow event.  

5.4.25.1 Copper Data 


Peristaltic samples were collected and analyzed by EPA Method 6020 for total and dissolved copper during Rounds 2A and 3A. Copper was detected in 99 percent of 174 dissolved samples and 100 percent of 174 total samples during the Round 2A and 3A sampling events.  

Total copper concentrations were generally consistent across the entire Study Area during the Round 2A and 3A sampling events. The overall range of detected concentrations for all total copper samples ranged from 0.65 to 3.61 µg/L suggesting that there are no specific source areas for copper contamination.   

5.4.25.2 Copper Relationship to Flow Rate


Total copper concentrations were generally consistent across the entire Study Area during the Round 2A and 3A sampling events. Concentrations were generally higher in samples collected during the high flow sampling events, with concentrations ranging from 1.1 to 3.6 µg/L compared to samples collected during low flow sampling events, with concentrations ranging from 0.68 to 2.09 µg/L. Thirty-nine storm water-influenced samples displayed a narrow range of detections between 0.65 to 1.14 µg/L. Dissolved and particulate copper concentrations in surface water are depicted in histograms by flow event type on Figures 5.4-52a-c for high flow, low flow and storm water-influenced events.  


Total copper measured in single-point samples collected during low flow conditions ranged from 0.68 µg/L to 2.09 µg/L at station W004 (RM 3.7) in March 2005.  Dissolved copper measured in single-point samples collected during low flow conditions ranged from undetected to 1.64 µg/L at station W022 (NB; RM 9.7W) in July 2005. Total copper concentrations in transect samples measured during low flow events ranged from 0.68 µg/L to 1.55 µg/L at station W005 (NB; RM 3.9) in September 2006. Dissolved copper concentrations in transect samples measured during low flow events ranged from 0.45 µg/L to 0.83 J µg/L at station W011 (RM 6.3) in July 2005.



Total copper measured in single-point samples collected during high flow conditions ranged from 1.63 µg/L to 2.72 µg/L at station W036 (NS; RM 8.6) in January 2006.  Dissolved copper measured in single-point samples collected during high flow conditions ranged from 0.55 µg/L to 0.73 µg/L at station W037 (NB; RM 9.6W) in February 2007. Total copper concentrations measured in transect samples during high flow events ranged from 1.1 µg/L to 3.61 J µg/L at station W023 (RM 11) in January 2006. Dissolved copper concentrations measured in transect samples during high flow events ranged from 0.43 µg/L to 1.58 J µg/L at station W023 (RM 11) in January 2006.


Total copper measured in single-point samples collected during the November 2006 storm water-influenced event ranged from 0.84 to 0.96 µg/L at station W036 (NB; RM 8.6).  Dissolved copper measured in single-point samples collected during this event ranged from 0.50 to 0.64 µg/L at station W028 (NS; RM 3.6E). Total copper concentrations measured in transect samples during this event ranged from 0.65 µg/L to 1.14 µg/L at station W035 (NS; RM 8.5). Dissolved copper concentrations measured in transect samples during this event ranged from 0.46 µg/L to 1.23 µg/L at station W023 (RM 11M).


5.4.14.3 Copper Spatial Distribution

All of the total and dissolved copper surface water results were less than the drinking water MCL of 1,300 µg/L and the human health NRWQC value of 1,300 µg/L developed to be protective of drinking water and consumption of organisms. There are no NRWQC available for the protection of aquatic life. The site-specific TRV for this hardness-dependent metal developed in the BERA is 2.74 µg/L. There were five exceedances of the TRV. The results from three samples collected in January 2006 were greater than the TRV at the following stations during high flow conditions: 


· W005 (RM 3.9), 


· W023 (RM 11), and


·  W024 (RM 16).

In addition, results from two samples collected during high flow conditions in January 2007 also exceeded the TRV at the following locations:


· W027 (Multnomah Channel), and


· W031 (6.1 W)


These results do not suggest potential source areas for copper. 

5.4.25.3 











5.4.26 Zinc in Surface Water


Data for zinc in surface water are summarized in Tables 5.4-5 through 5.4-20. Transect samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), Tables 5.4-12 through 5.4-15 (low flow events), and 5.4-17 through 5.4-20 (storm water-influenced events). All total and dissolved zinc surface water sample results are presented in Tables 5.4-36 and 5.4-37, respectively, by sample event and sample ID number.

Dissolved and particulate zinc concentrations in surface water collected from peristaltic pumps are presented in stacked bar graphs by flow event on Figures 5.4-56a-c and by river mile/channel position on Figures 5.4-57a-b. Figure 5.4-58 is a scatter plot of zinc concentrations in surface water by river mile (RM 2-16). Finally, Figure 5.4-59 is a line plot of transect zinc concentrations in surface water by river mile (RM 2-16). 

5.4.26.1 Zinc Data 

Peristaltic samples were collected and analyzed by EPA Method 6020 for total and dissolved zinc during Rounds 2A and 3A. Zinc was detected in 43 percent
 of dissolved samples and 76 percent of total samples during the Round 2A and 3A sampling events.  

Total zinc concentrations in all surface water samples during the Round 2A and 3A sampling events ranged from 2.1 to 57.9 µg/L. The range of detected concentrations of dissolved zinc in all Round 2A and 3A samples was 0.9 to 41.9 µg/L. 

5.4.26.2 Zinc Relationship to Flow Rate

With the exception of one total result (57.9 µg/L) and one dissolved result (41.9 µg/L), detected zinc concentrations were within a narrow range regardless of flow. With the exclusion of the one total result, detected concentrations of total zinc in low flow samples ranged from 1.65 to 8.8 µg/L at station W004 (RM 3.7E) in March 2005.  Total zinc concentrations ranged from 1.85 to 8.4 µg/L during high flow sampling events. Dissolved zinc concentrations were generally lower in low flow samples. With the exception of one dissolved result, dissolved zinc concentrations ranged from nondetect to 4.9 µg/L at station W018 (RM 8.3) in November 2004 in low flow samples. Dissolved zinc was only detected in one high flow sample at 2.5 µg/L.

Thirty-nine storm water-influenced samples were analyzed for total and dissolved zinc. Total zinc was not detected in any of the samples, while dissolved zinc was detected in five of 39 samples (4.8 to 6.6 µg/L). 

With the inclusion of all samples, total zinc measured in single-point samples collected during low flow conditions ranged from 1.65 µg/L to 57.9 µg/L at station W022 (RM 9.7W) in November 2004.  Concentrations of total zinc in transect samples measured during low flow events ranged from 2.1 to 6.1 µg/L at station W023 (RM 11W) in September 2006.

With the inclusion of all samples, dissolved zinc measured in single-point samples collected during low flow conditions ranged from 0.9 µg/L to 41.9 µg/L at station W022 (RM 9.7W) in November 2004.  Concentrations of dissolved zinc in transect samples measured during low flow events ranged from 1.4 to 2.2 µg/L at station W023 (RM 11) in November 2004.

Total zinc measured in single-point samples collected during high flow conditions in February 2007 ranged from 3 to 8.4 µg/L at station W031 (RM 6.1W).  Concentrations of total zinc measured in transect samples during high flow conditions ranged from 1.85 to 6.38 µg/L at station W024 (RM 16) in January 2006.

Dissolved zinc was not detected in any single-point samples collected during high flow conditions. Dissolved zinc was detected in only one transect sample collected during high flow conditions - 2.5 µg/L at station W005 (RM 3.9) in January 2006.

Total zinc was not detected in any storm water-influenced sample. Detected concentrations of dissolved zinc in single-point storm water-influenced samples ranged from 4.8 to 6.6 µg/L at station W034 (RM 7.5W) in November 2006. Dissolved zinc was detected in a single transect storm water-influenced sample at 5.1 µg/L at station W025M (RM 2M) in November 2006. 

5.4.26.3 Zinc Spatial Distribution

All of the total and dissolved concentrations of zinc in surface water were substantially below the human health NRWQC value of 7,400 µg/L developed to be protective of drinking water and consumption of organisms. An MCL has not been established for zinc. The chronic NRWQC criterion for protection of aquatic life exposed to dissolved zinc in surface water, based on a hardness of 25 mg/L CaCO3/L, is 36.5 µg/L. Nearly all dissolved zinc concentrations remained below this aquatic life criterion. The single exceedance (41.9 µg/L) of this chronic criterion was measured at station W022 (RM 9.7W), in a single-point low flow sample collected November 2004.













5.4.27 TBT Ion in Surface Water

Data for TBT in surface water are summarized in Tables 5.4-5 through 5.4-20. Transect samples are summarized by flow event in Tables 5.4-6, 5.4-11, and 5.4-16. Single-point samples are summarized by flow event in Tables 5.4-7 through 5.4-10 (high flow events), Tables 5.4-12 through 5.4-15 (low flow events), and Tables 5.4-17 through 5.4-20 (storm water-influenced events). All TBT surface water data are presented in Table 5.4-38 by sample event and sample ID number.

TBT concentrations in surface water collected from peristaltic pumps are presented in stacked bar graphs by flow event and by river mile/channel position on Figures 5.4-60a-c and Figure 5.4-61, respectively. Figure 5.4-62 is a scatter plot of TBT concentrations in surface water by river mile (RM 2-16). Finally, Figure 5.4-63 is a line plot of transect TBT concentrations in surface water by river mile (RM 2-16). 

5.4.27.1 TBT Data

Peristaltic samples of surface water were collected and analyzed by the Krone Method XXXX for TBT during Rounds 2A and 3A. TBT was detected in a small number of samples, about 7 percent of all surface water samples collected during the Round 2A and 3A sampling events.  Detected TBT concentrations in all surface water samples collected during the Round 2A and 3A sampling events ranged from 0.0006 to 0.011 µg/L.     


5.4.27.2 TBT Relationship to Flow Rate

The small number of TBT detections in surface water samples was associated with a narrow range of detected concentrations regardless of flow. Detected concentrations of TBT in low flow samples ranged from 0.00095 to 0.0012 µg/L compared to high flow sampling events where TBT concentrations ranged from 0.0021 to 0.0035 µg/L. 

Thirty-seven storm water-influenced samples were analyzed for TBT. TBT was detected in only four of these samples at concentrations ranging from 0.0010 to 0.0013 µg/L. 

TBT measured in single-point samples collected during low flow conditions ranged from 0.00095 µg/L to 0.0023 µg/L at station W004 (RM 3.7E) in March 2005.  TBT was not detected in any transect samples measured during low flow sampling events.

TBT was not detected in any single-point samples collected during high flow conditions.  Concentrations of TBT measured in transect samples during high flow ranged from 0.0021 to 0.0035 µg/L at station W035 (RM 8.5) in February 2007.

TBT was not detected in any single-point storm water-influenced sample. Detected concentrations of TBT in transect samples that were storm water-influenced ranged from 0.0001 to 0.011 µg/L at W024 (RM 16) in November 2006. 

5.4.27.3 TBT Spatial Distribution


All of the detected concentrations of TBT measured in surface water remained below all applicable criteria, including the EPA RSL for tapwater for protection of human health (0.47 µg/L, based on HQ=0.1) and the chronic NRWQC value for protection of aquatic life (0.072 µ g/L). 

5.4.28 Site-Specific Evaluation of Hydrophobic Contaminants

For the purposes of this evaluation and presentation, hydrophobic contaminants are defined as those contaminants or groups of contaminants that are insoluble or minimally soluble in water, and are therefore expected to bind strongly to sediments and suspended particulates and to be present in dissolved form in water at low concentrations. Hydrophobic contaminants included in this evaluation are PCBs, dioxins and furans, DDT and related compounds (DDx), and PAHs.



















5.4.28.1 Distribution Between PCB Dissolved and Particulate Fractions 

5.4.28.2 The following subsections describe observed trending of dissolved (XAD column) and particulate (XAD filter) fractions by river mile, event type, and sample type of total PCB congener concentrations (PCBs) in the complete Round 2A and 3A data set. The spatial distribution of dissolved and particulate PCB concentrations and relationships to flow rate, TSS, and foc are described. PCB congeners were detected in all XAD filter and column samples collected during Round 2A and 3A sampling events.



5.4.28.2.1 PCB Particulate and Dissolved Concentrations 

Figures 5.4-64a-b present a scatter plot of total PCB dissolved and particulate concentration pairs.  Linear regression lines are shown for the high flow, low flow, and storm water-influenced sets of transect and point data.  The PCB concentrations of the particulate (filter) and dissolved (column) fractions of each sample are shown on histogram Figures 5.4-65a-b and 5.4-66a-b.    


As seen on the scatter plots, samples with concentrations less than 0.0005 µg/L particulate and less than 0.0005 µg/L dissolved showed a fairly consistent trend in particulate/dissolved ratios, whereas the particulate/dissolved ratio varies substantially for high-concentration samples.  In particular, low flow point samples collected at the upper end of the dissolved concentration range (>0.0005 µg/L) had a higher particulate component.  Storm water-influenced point samples collected at the upper end of the dissolved concentration range had the lowest particulate component.  


The high flow samples (both point and transect) tend to show lower dissolved concentrations for the given particulate concentration, or conversely, higher particulate concentrations for the given dissolved concentrations, relative to the storm water-influenced and low flow samples.  This suggests a different character/source of PCB contaminated sediment and/or suspended solids concentration and character during high flow events.  The following section further investigates differences in the suspended solids concentration and character.  


The transect sample collected at RM 11 during the low flow event in November 2004 exhibited a high particulate to dissolved ratio.  As noted previously, during collection of this sample, the field crews observed runoff from a nearby storm drain, which may have contributed to this result.  









5.4.28.2.2 PCB Associations with Suspended Solids 


The associations of PCBs with suspended solids and apparent partitioning were evaluated from the surface water data set.  Total PCB concentrations as a function of TSS are presented on Figures 5.4-67a-b.  High flow samples (single-point and transect) exhibited the widest range and highest concentrations of TSS but the lowest PCB concentrations. Conversely, the remaining samples exhibited a wide range in concentration over a small range in TSS. The high flow samples also exhibited a lower dissolved/particulate concentration ratio relative to the storm water-influenced and low flow samples. 


Particulate total PCB concentrations and POC (TOC–DOC) concentrations are compared on Figures 5.4-68a-b. The high flow samples (single-point and transect) exhibited relatively low PCB concentrations for the corresponding POC associated with the solids. The low POC values are consistent with the lower foc associated with TSS observed in high flow samples, as shown on Figure 5.4-69.  This observation may suggest the introduction of suspended particles with low organic carbon content during high flow events.  Further, the solids that become suspended in the water column during high flow events may have a different character (low foc and low PCB concentrations) than those introduced during low flow or storm water-influenced events.  The single-point samples characterized by high concentrations of PCBs (RM 5.5, 6.9, 8.3, and 11) did not have corresponding high TSS concentrations from the same events (Figures 5.4-67a-b).  However, these samples did exhibit high particulate-phase PCB concentrations as a function of POC (Figures 5.4-68a-b), reflecting a higher foc.


Total PCB congener concentrations measured in the single-point samples during high flow conditions ranged from 0.000111 J µg/L to 0.000749 J µg/L at Station W035 (RM 8.5) in January 2007.  Concentrations measured in transect samples during high flow ranged from 0.0000419 J µg/L to 0.000391 J µg/L at station W005 (RM 4) in January 2007.


A single storm water-influenced flow event was observed and sampled in November 2006.  Total PCB congener concentrations measured in single-point samples during this storm water-influenced event ranged from 0.000112 J µg/L to 0.00259 J µg/L at Station W030 (RM 5.5).  Concentrations measured in transect samples ranged from 0.000121 J µg/L to 0.00129 J µg/L at station W025E (RM 2).











5.4.28.3 Distribution Between PCDD/F Dissolved and Particulate Fractions 


The following subsections describe the observed trending of dissolved and particulate fractions by river mile, event type, sample type, TSS, and foc of the TSS.  This analysis was specific to total PCDD/Fs and ,therefore, does not extend to individual dioxins and furans.  

5.4.28.3.1 PCDD/F Dissolved and Particulate Concentrations 

The dissolved (XAD column) and particulate (XAD filter) fractions of total PCDD/F concentrations for each surface water sample are presented as histograms by flow event type on Figure 5.4-70 and by channel position on Figure 5.4-71.  These figures demonstrate that PCDD/Fs tend to partition to the particulate fraction in surface water within the Study Area. The extent of this tendency is presented on Figure 5.4-72a, which shows a scatter plot of the dissolved vs. particulate concentrations of total PCDD/Fs.  The two highest concentrations measured at RM 6.7 and 11 during low flow and storm water-influenced conditions, respectively, exhibit extremely high particulate to dissolved ratios (greater than an order of magnitude difference between the two phases).  If these samples are excluded from the analysis, as presented on Figure 5.4-72b, where the x-axis (particulate concentration) is zoomed, the tendency for partitioning into the solid phase is also apparent for low flow and high flow samples.  However, the storm water-influenced sample concentrations appear to be more evenly distributed within the data set.


5.4.28.3.2 PCDD/F Associations with Suspended Solids 


The associations of total PCDD/Fs with suspended solids and apparent partitioning were evaluated from the surface water data set. Total concentrations as a function of TSS are presented on Figures 5.4-73a-b.  PCDD/F concentrations increased slightly with higher suspended solids for high flow transect samples.  However, concentrations appear to increase more rapidly with increased suspended solids for the high flow single point samples.  The storm water-influenced samples increased independently of suspended solids in surface water.  The transect and single point samples collected during this event were all characterized by TSS values less than 10 mg/L. The low flow transect samples appear to have a non-linear distribution with varying TSS and PCDD/F concentrations and, therefore, do not exhibit a clear trend (Figures 5.4-73a-b).

Particulate total PCDD/F concentrations and POC concentrations are compared on Figures 5.4-74a-b.  As with PCBs, the high flow samples (single point and transect) exhibited relatively low PCDD/F concentrations for the corresponding POC associated with the solids.  Conversely, the storm water-influenced samples tended to exhibit higher POC values in relation to total PCDD/F concentrations and were associated with lower TSS (less than 10 mg/L) values. This may indicate that solids that become suspended during storm water-influenced events may have a unique character of high foc and varying loads of PCDD/Fs.  Samples characterized by high concentrations of PCDD/Fs did not have corresponding high TSS concentrations compared to other samples from the same events (Figures 5.4-73a-b).  However, these samples did exhibit a high particulate-phase PCDD/F concentration as a function of POC.

5.4.28.4 Distribution Between DDx Dissolved and Particulate Fractions


The following subsections describe the observed trending of total DDx dissolved and particulate fractions by river mile, event type, sample type, TSS, and foc of the TSS.  


5.4.28.4.1 DDx Particulate and Dissolved Concentrations

The distribution of total DDx (i.e., the sum of the dissolved and particulate concentrations) by river mile is presented on histograms by flow event type on Figures 5.4-75a-b and histograms by channel position on Figures 5.4-76a-b.  Although these figures show distinctly high total DDx concentrations at RM 6.9 and 7.2, there does not appear to be any clear patterns in the ratio of dissolved and particulate fractions or the distribution between single-point and transect samples.


The dissolved and particulate fractions of total DDx are plotted on scatter plots on Figures 5.4-77a-b.  Linear regression lines are shown for the high flow, low flow, and storm water-influenced sets of transect and point data.  The single-point and transect samples collected during the high flow events followed the general trend of the other flow types. The samples characterized by the highest dissolved concentration tended to have a higher particulate concentration.  


Three samples collected at RM 2 (station W025) had higher dissolved to particulate ratios. This may be due to the lower suspended solids load in the downstream portion of the Study Area (at RM 2) rather than an actual shift in partitioning behavior. There does not appear to be a clear distinction between low flow and storm water-influenced or single-point and transect samples on these figures.

5.4.28.4.2 DDx Associations with Suspended Solids

The associations of total DDx with suspended solids and apparent partitioning were evaluated from the surface water data set.  Total concentrations as a function of TSS are presented on Figures 5.4-78a-b.  The high-concentration, low flow samples exhibited the highest ratios of total DDx to TSS.  The single-point and transect high flow samples exhibited a much lower ratio of total DDx concentration to TSS. The low flow and storm water-influenced samples had low suspended solids loads (25 J mg/L or lower) compared to high flow samples (up to 62 mg/L).


Particulate total DDx concentrations and POC concentrations are compared on Figures 5.4-79a-b. The high flow transect and single-point samples tended to exhibit higher total particulate DDx concentrations and lower POC concentrations in the water column. As shown on Figure 5.4-69, high flow samples exhibited higher TSS concentrations and lower foc on TSS percentages.  Therefore, the higher concentrations in the surface water during high flow events (Figures 5.4-80a-b) were present in spite of lower POC in the water column.  Again, this may suggest a different source or sources of particles, possibly upstream of the Study Area, given the high inflow concentrations at RM 16 and 11 during high flow events.  Higher POC concentrations were found in transect and single-point storm water-influenced and low flow samples with lower total particulate DDx concentrations.

5.4.28.5 Distribution Between PAH Dissolved and Particulate Fractions


The following subsections describe the observed trending of the dissolved and total fractions by river mile, event type, sample type, TSS, and foc of the TSS.

5.4.28.5.1 PAH Particulate and Dissolved Concentrations

 The spatial distribution of dissolved and particulate total PAH concentrations is presented on histograms for each surface water sample by flow event type and river mile on Figure 5.4-81a; Figure 5.4-81b presents the same data with a reduced y-axis scale to better show lower concentrations. Figures 5.4-82a-b through 5.4-83a-b present the same data arranged by channel position. The majority of total PAH concentrations were found in the dissolved rather than the particulate phase. However, there was one notable exception to this trend:  station W035 at RM 8.5 collected during the January 2007 high flow event.  Both the NB and NS samples collected in January 2007 exhibited a much greater particulate to dissolved ratio. Also, at stations W011 (RM 6.3) and W005 (RM 4) the NB samples had noticeably higher particulate total PAH concentrations in the low flow and storm water-influenced sampling events.  In the January 2007 high flow sampling event, this pattern was reversed at station W035 (RM 8.5), and the NS sample had the highest particulate total PAH concentration.


The dominance of the dissolved fraction is also illustrated in scatter plots of particulate and dissolved data on Figures 5.4-84a-b.  Linear regression lines are shown for the high flow, low flow, and storm water-influenced sets of transect and point data. The apparently unique ratio at RM 8.5 is well illustrated on these figures (data points in the lower right quadrant) and does not appear to apply to other high flow samples.  The unique ratio may suggest a different character/source of PAHs and/or suspended solids concentration and character for this sample location.  

5.4.28.5.2 PAH Associations with Suspended Solids


Total PAH concentrations as a function of TSS are presented on Figures 5.4-85a-b. High flow samples (single-point and transect) exhibited the widest range and highest concentrations of TSS but generally lower total PAH concentrations compared to the majority of the data set.  However, there does appear to be a trend of gradually increasing total PAH concentrations with higher TSS values (somewhat linear) for the high flow samples.  Otherwise, the low flow and storm water-influenced samples tended to cluster together exhibiting low TSS but varying PAH concentrations. The storm water influenced- (single-point and transect) and low flow single-point samples tended to exhibit this pattern most prevalently, with TSS values below 12 mg/L.


Samples collected from RM 8.5 during high flow in January 2007 did not adhere to the pattern of other samples collected during this particular flow regime as they exhibited high concentrations of total PAHs relative to TSS (Figures 5.4-85a-b).  Although total PAHs measured in these samples were high relative to TSS, the particulate concentrations were much greater than the dissolved fractions (Figures 5.4-81a-b and 5.4-84a-b).

Particulate total PAH concentrations and POC concentrations are compared on Figure 5.4-86. The high flow samples (single-point and transect) exhibited relatively low total PAH concentrations and POC. The low POC values are consistent with the lower observed foc of the suspended solids during this flow condition (Figure 5.4-69).  Several high flow samples (e.g., the sample with the highest particulate total PAH concentration at station W035, NS) exhibited POC values equal to zero (Figure 5.4-86). The explanation for this is that the calculated POC was set to equal zero if the DOC was greater than the TOC. This scenario provides further confirmation that the high flow events are characterized by suspended solids with low foc.

� The January 2007 high-flow event was cancelled after two days of sampling due to unexpected change in flow conditions.  Sampling recommenced on February 21, 2007 once high-flow conditions (>50,000 cfs) were once again observed and continued through March 10, 2007.    



� A single vertically-integrated sample was collected from the mid-point of each transect segment.



� The flow rate values presented here are daily mean stream flow measurements from the USGS National Water Information System, http://waterdata.usgs.gov/nwis.  These values were taken from the USGS Web site on June 16, 2008, and are considered to be draft and subject to change by USGS.



� ICs were not analyzed in other data sets used in this evaluation, so they are not included in the summary statistics.



� At each Round 2A transect station, samples were spatially integrated across the entire width and depth of the channel based on a flow-weighted method (USGS 2000).  At each transect, the river was divided into equal flow subareas (i.e., EDIs) using existing bathymetry and river flow data.  VI samples were collected from 1 ft below the water surface to within 1–3 ft of the river bottom in each subarea; these samples were combined to produce integrated river cross-section composite samples.  



� Surface water was collected from two points in the water column.  The NB sample was collected at a depth of 1 ft off the river bottom. The NS sample was collected 3 ft below the surface.



� For all totals, zero is always assigned for individual non-detect values included in the group total.  If any of the values included in a total are estimated (J-qualified), then the total value is estimated (J-qualified).  If all analytes in a total are non-detects, then the highest detection limit is used for the total and the total is U-qualified.  For additional information, see Section 2.1.4.



� Colloids are very small organic or mineral particles that can barely be seen by the naked eye. Separation of colloids from the aqueous phase is difficult and very little is known about their composition and behavior.



� Only the column of the XAD sample collected during July 2005 low flow event was analyzed for total PCBs; the filter was not analyzed...



� Sample events could involve replicate samples, and for XAD sampling the column and filter samples together are counted as one sample.  These counts are strictly of sample events, and the values listed here are with replicates averaged together.



� Neither the ODEQ criteria or the NRWQC address naphthalene.



� Sample events could involve replicate samples, and for XAD sampling the column and filter samples together are counted as one sample.  These counts are strictly of sample events, and the values listed here are with replicates averaged together.



� Non-detects in either column or filter were treated as zero concentrations in this sum, but the detection limit when both column and filter were non-detect was set to the sum of the detection limits in column and filter.







�Units need to be consistent.



�This information was moved to intro to section.



�The first part of this section was deleted since it is redundant with Section 2.



�This information is discussed in Section 2 and Appendix A.



�This information was incorporated with discussion on data set.



�Parts of this section were moved to intro.  Rest was deleted.



�This information was moved to intro.



�Should we consider an alternate title for this section for each contaminant to more closely reflect the discussion about criteria



�We have noticed what appear to be some database inconsistencies compared to LWG tables, such as sample counts, inclusion//exclusion of duplicates, etc, so it is recommended that all counts/ranges be reviewed carefully throughout. See specific examples presented in comment bubbles for Total PAHs and aldrin, which were used as examples to identify specific questions.



�Specify more details about the method.



�



Discrepancies:



[This is not necessarily a complete set of discrepancies of the same nature; they are just those noticed in passing – a complete analysis for these types of discrepancies has not been performed.]



1. We don’t have any data for WO24 (mile 16) in the database.



2. Map 5.3-1a lists WO38 at mile 9.9 (placing it on the E side of the river).  The database we have lists it at mile 11E.



3. Map 5.3-1a plots WO38 as a green triangle, corresponding to XAD SP (according to the legend).  Our database lists WO38 as Peristaltic SP.



4. The total PAH measured by XAD (C+F) and Peristaltic are highly discrepant.  For the 61 cases testable in our database, 29 are discrepant by more than a factor 2 --- i.e. if both are detects (13 cases), the concentrations differ by more than a factor of 2; if one is a non-detect, the other a detect (16 cases), then the detect exceeds the DL of the non-detect by a factor more than 2.  It is possible some of this discrepancy may be  an artefact of the method of summing across the multiple PAH (i.e. treatment of non-detects).



5.  In view of the discrepancy above, any conclusions based on trends is suspect.



6. Moreover, the apparent trends downriver seen in the XAD  (C+F) and Peristaltic measurements are different in some cases, so that conclusions based on one or the other are suspect.



 the database contains XAD – C, XAD – F, and XAD – C&F, but the last is not necessarily equal to the sum of the first two, with the discrepancy larger than can be accounted for by simple rounding of the data.  This discrepancy may be explicable by the methodology used to sum across PAH (e.g. treatment of non-detects).  For this section the XAD – C&F total has been replaced by the sum of XAD – C and XAD – F.











�



This discussion evaluates Peristaltic and XAD (C+F) measurements together as though equally valid.



�



Here, for both counts, “sample” may include replicates –a sample event may involve taking sample + replicate, and replicates have been averaged for the sample count.  The sample event count is from the (old) Table 5.4-1.



�



This discussion is based on the Figures cited, which are or appear to be based on XAD (C+F) data only.  Some of the trends are contradicted by the Peristaltic data.



�



Figure 5.3-87 (now 5.4-27) does not specify what data were used to construct it. It appears to be based on XAD (C+F) data only, and should require T-VI data.  But Figure 5.3-87 shows data points at miles 3 and 4 although there are no T-VI data at miles 3 and 4 in our database.



�



We do not have data for RM16.  This is WO24, which has apparently been filtered out of the dataset we are using.



� This section is based on the combined Peristaltic and XAD (C+F) data.



� 40CFR141 lists only benzo(a)pyrene as having an MCL, but the appearance of a bracketed (PAH or PAHs) in the Appendices to subparts O and Q suggest that there may be reporting requirements if total PAH exceed the MCL for benzo(a)pyrene. 



� A formal test would be difficult, because of the many non-detects.



�Based on samples on the BEHP page of the accompanying spreadsheet file.  Spreadsheet may be missing the NS sample from W038.  Check the indicated river mile for W038 in the spreadsheet (11 in the spreadsheet, 9.9 on the accompanying figures).  Check treatment of duplicates.  Should W024 (River Mile 16) be included in the database?



�What type of analysis is this?



�Discrepancies



1.  The database has 4 WO13 entries, 3 listed at RM 6.7, one at 6.9E. Two of those listed at 6.7 are given as SP-NB-1 XAD and SP-NB-2 XAD, one as SP-NB-2 Peristaltic, and the one at 6.9E as Peristaltic SP-NB-1.  Map 5.3-1a lists/plots WO13 at 6.9E, but as XAD SP.  For this evaluation the 4 entries are treated as distinct (although they could be pairwise replicates).



�



But see Discrepancy comment 1 above.



�



Here, for both counts, “sample” may include replicates –a sample event may involve taking sample + replicate, and replicates have been averaged for the sample count.  The sample event count is from the (old) Table 5.4-1.



� There is currently no graph of these transect samples in” 2011-08-29_DF RI_Sec5.3_Figures.pdf”.  There is a graphic in the accompanying workbook that shows these trends.



� LWG table shows 42%







This draft document has been provided to EPA at EPA’s request to facilitate EPA’s comment process on the document in order for LWG to finalize the RI.  The comments or changes (including redlines) on this document may not reflect LWG positions or the final resolution of the EPA comments.
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